'HO-M84  082  ANNUAL  TROPICAL  CYCLONE  REPORT  1986IU)  NAVAL  1/ 

OCEANOGRAPHV  COMMAND  CENTER/JOINT  TYPHOON  WARNING 
CENTER  PPO  SAN  FRANCISCO  96630  C  G  5TEIN8RUCK  ET  AL 
UNCLASSIFIED  1986  F/G  4/2  NL 


flHBnOlHUBHBByH 


D 

RB 

a 

i 

□ 

a 

B 

tA 

E 

w 

_ 1 

B8 

m 

« 

6TJ 

B 

E 

L 

m 

El 

B 

53 

B 

□ 

JOINT  TYPHOON  WARNING  CENTER 
GUAM,  MARIANA  ISLANDS 

j  p»i4  document  ho*  b—u  approT.<n 

! ■?  -  LTTTT"  '•  „  !  87  9  1  88  0 


87 


’-‘W'T'NA/ 

•r* 

*;/,  ^v,v.v  ;~ 

%v  ~,\  v/.* O^OC 

pwrKmws 

FRONT  COVER:  In  the  foreground  gray  cyclonic 
spirals  of  stratocumulus,  as  seen  from  the  54th  Weather 
Reconnaissance  Squadron  WC-130  aircraft,  define  the 
eye  of  Typhoon  Carmen  ( 15W ).  The  brighter  patches  in 
the  mid- ground  of  the  picture  are  more  reflective  water 
droplet  clouds  in  the  eye  wall,  which  contrast  with  the 
other  darker  cloud  debris  and  cirrus  aloft.  The  previous 
day  Carmen  (15W)  passed  just  50  nm  (93  km)  north  of 
the  island  of  Guam.  At  picture  time,  042355Z  October 
1986,  the  aircraft  reconnaissance  mission  ( AF966  0715 
CARMEN )  located  the  eye  over  the  Philippine  Sea  375 
nm  (695  km)  northwest  of  Guam  (Photo  courtesy  of 
Detachment  3,  1st  Weather  Wing  and  photographer 
Susan  K.  Watters,  Captain,  USAF). 
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1986  ANNUAL  TROPICAL  CYCLONE  REPORT  ERRATA  SHEET 
CHANGES  FOLLOW. 

1.  Page  iii  -  Add  'Special  thanks  to  Mr.  Charles  Mauck  for  his 
assistance  with  data  reduction.* 

2.  Page  iv  -  TROPICAL  CYCLONE  -  '(13)  TY  ABBEY'  should  read, 
'(13)  TY  ABBY*. 

3.  Page  vi  -  'CPA  Closest  Point  to  Approach'  should  read,  'CPA 
Closest  Point  of  Approach'. 

4.  Page  vi  -  'HATRACK'  should  read  'HATTRACK'. 

5.  Page  vi  -  definition  for  'INJAH'  should  read,  ‘North  Indian 
Ocean  Component  of  TYAN' . 

6.  Page  2,  under  Section  4.  ANALYSES,  paragraph  2,  in  line  5  - 
delete  'six'  and  replace  with  'three*.  On  the  next  line  delete  "29,000 
feet  (8,839  m)  '  and  replace  with  '31,000  feet  (9,448m)'. 

7.  Page  5,  paragraph  under  Section  1.  GENERAL,  last  line  - 
'  1985'  should  read,  ' 1986' .  . 

8.  Page  7,  Figure  2-2  -  arrow  is  missing  that  indicates  N0AA9 
operations  extended  through  December. 

9.  Page  10,  last  paragraph  -  'Tables  3-1  through  3-6*  should 
read,  'Tables  3-1  through  3-4'. 

10.  Page  26,  expanded  section  of  best  track  -  the  missing  DTG 
should  be  180000Z. 

11.  Page  52,  Figure  3-08-2  -  text  of  caption  should  be  switched 
with  caption  under  Figure  3-08-5  on  page  53  and  visa  versa. 

12.  Page  81,  first  line  -  delete  'digitally'. 

13.  Page  106,  Figure  3-18-2  -  surface  pressure  report  '09'  at 
position  17. IN  154. 3E  should  read,  '009'.  Pressure  report  ’08"  at 
position  14. 5N  154. 5E  should  read,  '008',  and  '8'  at  17. 8N  150. 8E  should 
read  ’008*. 

14.  Page  1)7,  Figure  3-21-1  -  on  the  image  the  labelling  'IDA' 
should  read  'HERBERT'  and  'JOE'  should  read,  'IDA'. 

15.  Page  133,  Figure  3-25-1  -  in  first  line  of  caption  delete 
'passed  south'  and  insert  'was  approximately  500  nm  (926  km)  southeast'. 

16.  Page  146  -  Best  track  for  TC03A  should  appear  on  page  150. 

17.  Page  147,  Figure  3-01 B- 1  -  on  the  image  the  labelling  'TC06S' 
should  read  'TC04S'. 
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18.  Page  150  -  Best  track  of  TC01B  should  appear  on  page  146. 

19.  Page  151,  Figure  3-03A-1  -  in  line  2  of  the  caption  delete 
'Cyclone" . 

20.  Page  151,  Figure  3-03A-1  -  image  should  be  rotated  clockwise 
ninety  degrees  for  proper  orientation. 

21.  Page  171,  in  Section  titled  Tropical  Cyclone  Prediction 
Research  -  Delete  lines  19  through  24. 

22.  Page  171,  in  Section  titled  Automated  Tropical  Cyclone 

Forecasting  System,  second  paragraph  -  after  line  2  insert  the  following 
text: 

'tropical  cylone  warning  procedure.  New  forecasters 
can  gather  valuable  hands-on  experience  of  the 
warning  procedure  during  their  training  period.' 

Then  add  three  additional  blank  lines  before  the  start  of  the  next 
Section  titled,  Tropical  Cyclone  Inner  Regional  Circulation 
Classification. 

23.  Page  172,  Section  titled  Tropical  Cyclone  Condition  Setting 
Aid  -  after  line  7,  which  ends  with  'evasion  action  that',  delete  the 
next  3  lines  and  add  the  following: 

'would  be  unwarranted  at  lower  risk  levels.  A  rule 
for  deciding  such  actions  can  be  derived  on  an 
expected  outcome  basis  (e.g.  cost/benefits  ratio). 

The  CHARM  model  is  now  being  adapted  for  seven  North 
Pacific  sites:  Pearl  Harbor,  Ouam,  Subic  Bay,  Buckner 
Bay,  Yokosuka,  Sasebo,  and  Pusan.’ 

24.  Page  186,  definition  of  TYPHOON/HUBRICANE  -  in  line  3  delete 
'West'  and  insert  'East*. 


25.  Page  189  -  in  Sadler,  J.  C.  reference  ’ NAVENVPREDRSCHFACO ' 
should  read,  'NAVENVPREDRSCHFAC' . 

26.  Page  191  -  'NOCD,  DIEGO  GARCIA  (20*  should  read,  'NOCD,  DIEGO 
GARCIA  (2)'. 
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The  Annual  Tropical  Cyclone  Report  is  prepared 
by  the  staff  of  the  Joint  Typhoon  Warning  Center 
(JTWC),  a  combined  USAF/USN  organization  operating 
under  the  ccmsand  of  the  Commanding  Officer,  U.S. 
Naval  Oceanography  Command  Center/Joint  Typhoon 
Warning  Center,  Guam.  JTWC  was  established  in  April 
1959  when  USCINCPAC  directed  USCINCPACFLT  to  provide 
a  single  tropical  cyclone  warning  center  for  the 
western  North  Pacific  region.  The  operations  of  JTWC 
are  guided  by  C1NCPACINST  3140.1  (series). 

The  mission  of  the  Joint  Typhoon  Warning  Cento* 
is  multi-faceted  and  includes:  ' 

1)  Continuous  monitoring  of  all  tropical 
weather  activity  in  the  northern  and  southern  hemi¬ 
spheres,  from  180  degrees  longitude  westward  to 
the  east  coast  of  Africa,  and  the-prcnpt  issuance  of 
appropriate  advisories  and  alerts  when  tropical 
cyclone  development  is  anticipated. 

2.  Issuing  warnings  on  all  significant 
tropical  cyclones  in  the  above  area  of  responsi¬ 
bility. 

3.  Determination  of  reconnaissance 
requirements  for  tropical  cyclone  surveillance  and 
assignment  of  appropriate  priorities. 

4.  Post -storm  analysis  of  all  significant 
tropical  cyclones  occurring  within  the  western  North 
Pacific  and  North  Indian  Oceans,  which  Includes  an 
in-depth  analysis  of  tropical  cyclones  of  note  and 
all  typhoons. 

5.  Cooperation  with  the  Naval  Environ¬ 
mental  Prediction  Research  Facility,  Monterey, 
California,  on  the  operational  evaluation  of  tropical 
cyclone  models  and  forecast  aids,  and  the  development 
of  new  techniques  to  support  operational  forecast 
scenarios. 

Satellite  imagery  used  throughout  this  report 
represents  data  obtained  by  the  tropical  cyclone 
satellite  surveillance  network.  The  personnel  of 
Detachment  1,  1WW,  collocated  with  JTWC  at  Nimltz 
Hill,  Guam,  coordinate  the  satellite  acquisitions  and 
tropical  cyclone  surveillance  with  the  following 
units: 

Det  4,  20WS,  Hickam  AFB,  Hawaii 


Det  5.  20WS,  Clark  AB.  RP 

Det  8,  20WS,  Kadena  AB,  Japan 

Det  15,  30WS,  Osan  AB,  Korea 

Air  Force  Global  Weather  Central, 
Offutt  AFB,  Nebraska 

In  addition,  the  Naval  Oceanography  Conmand  Detach¬ 
ment,  Diego  Garcia,  and  DMSP  equipped  U.S.  Navy  air¬ 
craft  carriers  have  been  inatrunental  in  providing 
vital  satellite  position  fixes  of  tropical  cyclones 
in  the  Indian  Ocean. 

Should  JTWC  become  incapacitated,  the  Alternate 
Joint  Typhoon  Warning  Center  (AJTWC)  located  at  the 
U.S.  Naval  Western  Oceanography  Center,  Pearl  Harbor, 
Hawaii,  assimes  warning  responsibilities.  Assistance 
in  determining  satellite  reconnaissance  requirements, 
and  in  obtaining  the  resultant  data,  is  provided  by 
Det  4,  20 WS  Hickam  AFB,  Hawaii. 

Changes  to  this  year's  publication  Include:  raw 
fix  data  files  usually  printed  in  Annex  A,  plus  the 
raw  warning,  forecast  and  best  track  data,  will  be 
available,  upon  request  (the  requested  data  will  be 
copied  onto  5.25  inch  "floppy"  diskettes  provided  by 
the  requestor);  statistical  verification  for 
individual  warnings  for  the  North  Indian  Ocean  and 
all  warnings  in  the  southern  hemisphere  are  not 
provided;  and,  with  reference  to  best  track 
philosophy,  a  conscious  effort  has  been  made  to 
extend  the  post-warning  best  tracks  to  provide  better 
verification  for  the  48-  and  72-hour  forecasts  (this 
has  produced  a  larger  sample  and  slightly  higher 
errors  for  the  extended  forecasts). 

A  special  thanks  is  extended  to  the  men  and 
women  of:  27th  Information  Systems  Squadron, 
Operating  Location  C,  for  their  continuing  sipport  by 
providing  high  quality  real-time  satellite  imagery; 
the  Pacific  Fleet  Audio-Visual  Center,  Guam  for  their 
assistance  in  the  reproduction  of  satellite  and 
graphics  data  for  this  report;  to  the  Navy 
Publications  and  Printing  Service  Branch  Office, 
Guam;  the  Royal  Observatory  Hong  Kong  and  Central 
Weather  Bureau,  Taiwan  for  radar  scope  photographs  of 
tropical  cyclones;  Mr.  Ron  Miller  of  NEPRF,  for  his 
able  assistance  in  data  reduction,  and  Captain  S.  K. 
Watters  (USAF)  for  the  cover  photograph. 


Appendix  IV  contains  information  on  how  to  obtain 
past  issues  of  the  Annual  Tropical  Cyclone  Report 
(titled  Annual  Typhoon  Report  prior  to  1980). 
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CONTRACTIONS 


ABS  MAG 

Absolute  Magnitude 

EL 

Elongated 

ACCRY 

Accuracy 

ELEV 

Elevation 

ACST 

Aircraft 

EXP 

Exposed 

ADP 

Automated  Data  Processing 

FI 

Forecast  Intensity  (Dvorak) 

AFGWC 

Air  Force  Global  Weather  Central 

FLT 

Flight 

AIREP 

Aircraft  Weather  Report (s) 

FNOC 

Fleet  Nunerical  Oceanography 

(Conmercial  and  Military) 

Center 

ANT 

Antenna 

FT 

Feet 

ACR 

Area  of  Responsibility 

CMT 

Greenwich  Mean  Time 

APRMT 

Apparent 

GOES 

Geostationary  Operational 
Environmental  Satellite 

APT 

Automatic  Picture  Transmission 

HATRACK 

Hurricane  and  Typhoon  Tracking 

ARWO 

Aerial  Reconnaissance 

Steering  Program 

Weather  Officer 

HOT 

Height 

ATT 

Attenuated 

HPAC 

Mean  of  XTRP  and  CLIM  Techniques 

AVG 

Average 

(Half  Persistence  and  Climatology) 

AWN 

Automated  Weather  Network 

HR(S) 

Hour(s) 

BPAC 

Blended  Persistence  and  Climatology 

HVY 

Heavy 

ERG 

Bearing 

ICAO 

International  Civil  Aviation 
Organization 

BT  LAT 

Best  Track  Latitude 

IN  IT 

Initial 

err  lon 

Best  Track  Longitude 

INJAH 

North  Indian  Ocean  Component 

BT  WN 

Best  Track  Wind 

INST 

Instruction 

CDO 

Central  Dense  Overcast 

IR 

Infrared 

Cl 

Clrrifarm  Cloud  or  Cirrus 
also  Current  Intensity  (Dvorak) 

KM 

Kllcmeter(s) 

CINCPAC 

Commander-ln-Chlef  Pacific 

AF  -  Air  Force,  FLT  -  Fleet  (Navy) 

KT 

Knot(s) 

LLCC 

Low-Level  Circulation  Center 

CLD 

Cloud 

LVL 

Level 

CLIM 

Climatology 

M 

Meter(s) 

CLSD 

Closed 

M/S 

Me  ter (s)  per  Second 

CM 

Centimeter 

MAX 

Maximum 

CWIR 

Center 

m 

Millibar(s) 

CPA 

Closest  Point  to  Approach 

MET 

Meteorological 

CSC 

Cloud  System  Center 

MIN 

Minimum 

CYCLOPS 

Tropical  Cyclone  Steering  Program 
(HATTRACK  and  MDHATT) 

MDHATT 

Modified  HATIRACX 

DEG 

Degree 

MDVG 

Moving 

DIAM 

Diameter 

MSLP 

Minimun  Sea-level  Pressure 

DIB 

Direction 

MSN 

Mission 

DMSP 

Defense  Meterological  Satellite 

NAV 

Navigational 

Program 

NEDN 

Naval  Environmental  Data  Network 

DST 

Distance 

NEDS 

Naval  Environmental  Display  Station 

OTG 

Date  Time  Group 

VI 


NEPRF 

Naval  Environmental  Prediction 

Research  Facility 

TCM 

TD 

NESDIS 

National  Environmental  Satellite, 

Data,  and  Information  Service 

TDO 

NET 

Near  Equatorial  Trough 

TIROS 

ttf 

Nautical  Mile(s) 

TPAC 

N/0 

Not  Observed 

NOAA 

National  Oceanic  and  Atmospheric 
Administration 

TS 

TY 

NOCC 

Naval  Oceanography  Ccmnand  Center 

TYAN 

NOGAPS 

Navy  Operational  Global  Atmospheric 
Prediction  System 

TYFN 

HPCM 

Nested  Tropical  Cyclone  Model 

TOTT 

NWOC 

Naval  Western  Oceanography  Cents' 

til 

Number 

ULAC 

MIL 

Naval  Research  Laboratory 

ULOC 

OBS 

Observations 

VEL 

orat 

Che  Way  (Interactive)  Tropical 

Cyclone  Model 

VIS 

VM? 

PACOM 

Pacific  Command 

WESTPAC 

PCN 

Position  Code  Number 

WO 

POS  ER 

Position  Error 

WND 

PSBL 

Possible 

VRNG(S) 

PTLY 

Partly 

ws 

QUAD 

Quadrant 

WW  EH 

RADOB 

Radar  Observation 

W# 

REDON 

Reconnaissance 

XTRP 

rmi/> 

iWj 

Range 

2 

FT 

Right 

SAT 

Satellite 

24  EH 

SFC 

Surface 

48  EH 

SLP 

Sea-Level  Pressure 

72  ER 

SRP 

Selective  Reconnaissance  Program 

24  WE 

STNHY 

Stationary 

48  WE 

SST 

Sea  Surface  Temperature 

72  WE 

ST 

Subtropical 

STR 

Subtropical  Ridge 

STY 

Super  Typhoon 

TAFT 

Typhoon  Acceleration 

Prediction  Technique 

TC 

Tropical  Cyclone 

TCARC 

Tropical  Cyclone  Aircraft 

Reconnaissance  Coordinator 

Tropical  Cyclone  Model 

Tropical  Depression 

Typhoon  Duty  Officer 

Television  Infrared  Observational 
Satellite 

Extrapolation  and  Climatology 
Blend 

Tropical  Storm 
Typhoon 

Typhoon  Analog  Program 

Western  North  Pacific  Component 
(Revised)  of  WAN 

Tropical  Upper-Tropospheric 
Trough 

Upper-Level  Anticyclone 
Upper-Level  Circulation  Center 
Velocity 
Visual 

Vector  Movement  (ddff) 

Western  (North)  Pacific 
World  Meteorology  Organization 
Wind 

Warnlng(s) 

Weather  Reconnaissance  Squadron 
Wind  Warning  Error 
Warning  Number 
Extrapolation 
Zulu  Time 

(Greenwich  Mean  Time) 

24-Hour  (Position)  Error 
48-Hour  (Position)  Error 
72-Hour  (Position)  Error 
24-Hour  Wind  (Warning)  Error 
48-Hour  Wind  (Warning)  Error 
72-Hour  Wind  (warning)  Error 


TCFA 


Tropical  Cyclone  Formation  Alert 


CHAPTER  I  -  OPERATIONAL  PROCEDURES 


1.  GENERAL 


The  Joint  Typhoon  Warning  Center  (JTWC)  provides 
a  variety  of  routine  services  to  the  organizations 
within  Its  area  of  responsibility,  Including: 

a.  Significant  Tropical  Weather  Advisories: 
issued  daily,  these  products  describe  all  tropical 
disturbances  and  assess  their  potential  for  further 
development  during  the  advisory  period; 

b.  Tropical  Cyclone  Formation  Alerts:  issued 
ibe n  synoptic,  satellite  and/or  aircraft 
reconnaissance  data  Indicate  development  of  a 
significant  tropical  cyclone  In  a  specified  area  is 
likely; 

c.  Tropical  Cyclone  Warnings:  issued 
periodically  throughout  each  day  for  significant 
tropical  cyclones,  giving  forecasts  of  position  and 
Intensity  of  the  system;  and 

d.  Prognostic  Reasoning  Messages:  issued  twice 
daily  for  tropical  storms  and  typhoons  In  the  western 
North  Pacific;  these  messages  discuss  the  rationale 
behind  the  most  recent  JTWC  warnings. 

The  recipients  of  the  services  of  JTWC 
essentially  determine  the  content  of  JTVC's  products 
according  to  their  ever  changing  requirements. 
Therefore,  the  spectrum  of  routine  services  Is 
subject  to  change  from  year  to  year.  Such  changes 
are  usually  the  result  of  deliberations  held  at  the 
Annual  Tropical  Cyclone  Conference. 


2.  DATA  SOURCES 

a.  COMPOTES  PRODUCTS: 

A  standard  array  of  synoptic-scale  computer 
analyses  and  prognostic  charts  are  available  from  the 
Fleet  Nunerlcal  Oceanography  Center  (FIFWUJCCEANCEN ) 
at  Monterey,  California.  These  products  are  provided 
to  JTWC  via  the  Naval  Environmental  Data  Network 
(NEDN). 

b.  CONVENTIONAL  DATA: 

This  data  set  is  comprised  of  land-based  and 
shipboard  surface  and  upper-air  observations  taken 
at,  or  near,  synoptic  times,  cloud-motion  winds 
derived  twice  daily  from  satellite  data,  and  enroute 
meteorological  observations  from  commercial  and 
military  aircraft  (AIREPS)  within  six  hours  of 
synoptic  times.  Conventional  data  charts  are  prepared 
dally  at  OOOOZ  and  1200Z  using  computer-  and 
hand-plotted  data  for  the  surface/gradient  and  200  nb 
(upper- tropospheric)  levels.  In  addition  to  these 
analyses,  charts  at  the  925,  050,  700,  500  and  400  mb 
levels  are  computer-plotted  from  rawinsonde/pibal 
observations  at  the  12-hour  synoptic  times. 

c.  AIRQWT  RECONNAISSANCE: 

Data  provided  by  aircraft  weather  reconnaissance 
are  Invaluable  for  locating  the  position  of  the 
center  of  developing  systems  and  essential  for  the 
accurate  determination  of: 

-  maximum  surface  and  flight-level  wind 

-  mlnlmm  sea-level  pressure 

-  horizontal  surface  and  flight-level  wind 
distribution 

-  eye/center  temperature  and  dew  point 


In  addition,  wind  and  pressure-height  data  at 
the  500  and/or  400  mb  levels,  provided  by  the 
aircraft  vhile  enroute  to,  or  from  fix  missions,  cr 
during  dedicated  synoptic-scale  flights,  provide  a 
valuable  supplement  to  the  all  too  sparse  data  fields 
of  JTVC's  area  of  responsibility.  A  more  detailed 
discussion  of  aircraft  weather  recoma issance  is 
presented  in  Chapter  II. 

d.  SATELLITE  RECONNAISSANCE: 

Meteorological  satellite  data  obtained  from  the 
Defense  Meteorological  Satellite  Program  (DMSP)  and 
National  Oceanic  and  Atmospheric  Administration 
(N0AA)  spacecraft  played  a  major  role  in  the  early 
detection  and  tracking  of  tropical  cyclones  in  1986. 
A  discussion  of  the  role  of  these  programs  is 
presented  in  Chapter  II. 

e.  RADAR  RECONNAISSANCE: 

During  1986,  as  in  previous  years,  land-based 
radar  coverage  was  utilized  extensively  when 
available.  Once  a  tropical  cyclone  moved  within  the 
range  of  land-based  radar  sites,  their  reports  were 
essential  for  determination  of  small-scale  movement. 
Use  of  radar  reports  during  1986  is  discussed  in 
Chapter  II. 


3.  COMMUNICATIONS 

a.  JTWC  currently  has  access  to  three  primary 
communications  circuits. 

(1)  The  Automated  Digital  Network  (AOTDDIN)  is 
used  for  dissemination  of  warnings,  alerts  and  other 
related  bulletins  to  Department  of  Defense 
installations.  These  messages  are  relayed  for 
further  transmission  over  U.S.  Navy  Fleet  Broadcasts, 
and  U.S.  Coast  Guard  CW  (continuous  wave  Morse  Code) 
and  voice  broadcasts.  Inbound  message  traffic  for 
JTWC  is  received  via  AOTODIN  addressed  to 
NAVDCEANCCMCEN  0Q  cr  DET  1  1WW  NIMITZ  HILL  GQ. 

(2)  The  Air  Force  Automated  Weather  Network 
(AWN)  provides  weather  data  to  JTWC  through  a 
dedicated  circuit  from  the  Automated  Digital  Weather 
Switch  (ADWS)  at  Hlckam  AFB,  Hawaii.  The  ADWS 
selects  and  routes  the  large  volume  meteorological 
reports  necessary  to  satisfy  JTWC  requirements  for 
the  right  data  at  the  right  time.  Weather  bulletins 
prepared  by  JTWC  are  inserted  into  the  AWN  circuit 
via  the  Naval  Environmental  Display  Station  (NEDS) 
through  the  Nimitz  Hill  Naval  Teleconmunications 
Center  (NTCC)  of  the  Naval  Communications  Area  Master 
Station  Western  Pacific. 

(3)  The  Naval  Environmental  Data  Network  (NEDN) 
Is  the  canmunications  link  with  the  computers  at 
FLENUMOCEANCEN.  JTWC  is  able  to  receive 
environmental  data  from  FLEMSCCEANCEJJ  and  provide 
data  directly  to  the  computers  to  execute  numerical 
techniques. 

b.  NEDS  has  been  the  backbone  of  the  JTWC 
communications  system  for  several  years.  Currently, 
JTWC  is  undergoing  an  upgrade  that  will  make  use  of 
mlcroconputer  technology  and  automate  much  of  the 
work  that  goes  into  message  preparation  and 
transmission.  This  will  decrease  the  workload  on  the 
NEDS  and  allow  JTWC  to  interface  directly  with  OTCC 
for  AWN  and  AOTODIN  messages. 
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4.  ANALYSES 


6.  FORECAST  PROCEDURES 


A  ccoposite  surface/gradient  level  (3000  ft 
(91*)  m))  manual  analysts  of  the  JTWC  area  of 
responsibility  is  accomplished  cn  the  0000Z  and  1200Z 
conventional  data.  Analysis  of  the  wind  field 
using  streamlines  is  stressed  for  tropical  and 
subtropical  regions.  Analysis  of  the  pressure  field 
outside  the  tropics  is  acccnplished  routinely  by  the 
Naval  Oceanography  Ccnnand  Center  Operations  watch 
team  and  is  used  by  JTWC  in  conjunction  with  their 
analysis  of  the  tropical  wind  fields. 

A  composite  upper-tropospheric  manual  streamline 
analysis  is  acccnplished  daily  utilizing  rawinsonde 
data  from  300  mb  through  100  mb,  winds  obtained  from 
satellite-derived  cloud  motion  analysis,  and  AIREPS 
(taken  plus  or  minus  six  hours  of  chart  valid  time) 
at  or  above  29,000  feet  (8,839m).  Wind  and  height 
data  are  used  to  generate  a  representative  analysis 
of  tropical  cyclone  outflow  patterns,  mid-latitude 
steering  currents,  and  features  that  may  influence 
tropical  cyclone  intensity.  All  charts  are 
hand-plotted  in  the  tropics  to  provide  all  available 
data  as  soon  as  possible  to  the  Typhoon  IXity  Officer 
(TDO).  These  charts  are  augmented  by 
computer-plotted  charts  for  the  final  analysis. 

Computer-plotted  charts  for  the  925  ,  850  ,  700, 
500  and  400  mb  levels  are  available  for  streamline 
and/or  height -change  analysis  frcm  the  OOOOZ  and 
1200Z  data  base.  Additional  sectional  charts  at 
intermediate  Sj. .optic  times  and  auxiliary  charts, 
such  as  station-time  plot  diagrams  and 
pressure-change  charts,  are  also  analyzed  during 
periods  of  significant  tropical  cyclone  activity. 


5.  FORECAST  AIDS 

The  following  objective  techniques  were  employed 
in  tropical  cyclone  forecasting  during  1986  (a 
description  of  these  techniques  is  presented  in 
Chapter  V): 

a.  MOVEMENT 

(1)  12-HOUR  EXTRAPOLATION 

(2)  CLIMATOLOGY 

(3)  OOSMOS  (Model  Output  Statistics) 

(4)  NTCM  (Nested  Grid  Dynamic  Model) 

(5)  OTCM  (Dynamic  Model) 

(6)  TAFT  (Empirical) 

(7)  TPAC  (Extrapolation  and  Climatology 

Blend) 

(8)  TYAN78  (Analog) 


b.  INTENSITY 

(1)  CLIMATOLOGY 

(2)  DVORAK  (Empirical) 

(3)  THETA  E  (Empirical) 


c.  WIND  RADIUS 


a.  INITIAL  POSITIONING 

The  warning  position  is  the  best  estimate  of  the 
center  of  the  surface  circulation  at  synoptic  time. 
It  is  estimated  from  an  analysis  of  all  fix 
information  received  up  to  one  and  one-half  hours 
after  synoptic  time.  This  analysis  is  based  on  a 
semi-objective  weighting  of  fix  information  based  on 
the  historical  accuracy  of  the  fix  platform  and  the 
meteorological  features  used  for  the  fix.  The 
interpolated  warning  position  reduces  the  weighting 
of  any  single  fix  and  results  in  a  more  consistent 
movement  and  a  warning  position  that  is  more 
representative  of  the  larger-scale  circulation.  If 
the  fix  data  are  not  available  due  to  reconnaissance 
platform  malfunction  or  communication  problems, 
synoptic  data  or  extrapolation  from  previous  fixes 
are  used. 

b.  TRACK  FORECASTING 

A  preliminary  forecast  track  is  developed  based 
on  an  evaluation  of  the  rationale  behind  the  previous 
warning  and  the  guidance  given  by  the  mo3t  recent 
set  of  objective  techniques  and  numerical  prognoses. 
This  preliminary  track  is  then  subjectively  modified 
based  cn  the  following  considerations: 

(1)  The  prospects  for  recurvature  or  erratic 
movement  are  evaluated.  This  determination  is  based 
primarily  cn  the  present  and  forecast  positions  and 
amplitudes  of  the  middle-tropospheric,  mid-latitude 
troughs  and  ridges  as  depicted  on  the  latest 
upper-air  analysis  and  numerical  forecasts. 

(2)  Determination  of  the  best  steering  level 
is  partly  influenced  by  the  maturity  and  vertical 
extent  of  the  tropical  cyclone.  For  mature  tropical 
cyclones  located  south  of  the  subtropical  ridge  axis, 
forecast  changes  in  speed  of  movement  are  closely 
correlated  with  anticipated  changes  in  the  intensity 
or  relative  position  of  the  ridge.  When  steering 
currents  are  relatively  weak,  the  tendency  far 
tropical  cyclones  to  move  northward  due  to  internal 
forces  is  an  important  consideration. 

(3)  Over  the  12-  to  72-hour  (12-  to  48-hour 
in  the  southern  hemisphere)  forecast  period,  speed  of 
movement  during  the  early  forecast  period  is  usually 
biased  towards  persistence,  while  the  later  forecast 
periods  are  biased  towards  objective  techniques. 
When  a  tropical  cyclone  moves  poleward,  and  toward 
the  mid-latitude  steering  currents,  speed  of  movement 
becomes  increasingly  more  biased  toward  a  selective 
group  of  objective  techniques  capable  of  estimating 
acceleration. 

(4)  The  proximity  of  the  tropical  cyclone 
to  other  tropical  cyclones  is  closely  evaluated  to 
determine  if  there  is  a  possibility  of  binary 
interaction. 

A  final  check  is  made  against  climatology  to 
determine  whether  the  forecast  track  la  reasonable. 
If  the  forecast  deviates  greatly  from  one  of  the 
climatological  tracks,  the  forecast  rationale  may 
be  reappraised. 

C.  INTENSITY  FORECASTING 

For  this  parameter,  heavy  reliance  is  placed 
cn  intensity  trends  from  aircraft  reconnaissance 
reports,  wind  and  pressure  data  from  ships  and  land 
stations  in  the  vicinity  of  the  tropical  cyclone, 
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the  Dvorak  satellite  empirical  model  and  climatology. 
An  evaluation  of  the  entire  synoptic  situation  is 
made,  including  the  location  of  major  troughs  and 
ridges,  the  position  and  intensity  of  any  nearby 
tropical  upper-tropospheric  troughs  (WITs),  the 
vertical  and  horizontal  extent  of  the  tropical 
cyclone's  circulation  and  the  extent  of  the 
associated  upper-level  outflow  pattern.  An  essential 
element  affecting  each  intensity  forecast  is  the 
accompanying  forecast  track  and  the  environmental 
Influences  along  that  track,  such  as  terrain, 
vertical  wind  shear,  and  the  existence  of  an 
extratropical  environment. 

Once  the  forecast  intensities  have  been  derived, 
the  horizontal  distribution  of  surface  winds  (winds 
greater  than  30- ,  50- ,  and  100-knots)  is  determined. 
The  most  recent  wind  radii  and  associated  asymnetrics 
are  deduced  from  all  available  surface  wind 
observations  and  reconnaissance  aircraft  reports. 
Based  on  the  current  surface  wind  distribution, 
preliminary  estimates  of  future  wind  radii  are 
provided  by  an  empirically  derived  objective 
technique.  These  estimates  may  be  subjectively 
modified  based  upon  the  anticipated  interaction  of 
the  tropical  cyclone's  circulation  with  forecast 
locations  of  large-scale  wind  regimes  and  significant 
land  masses.  Other  factors  including  the  tropical 
cyclone's  speed  of  movement  and  possible 
extratropical  transition  are  also  considered. 


Warning  forecast  positions  are  later  verified 
against  the  corresponding  "best  track"  positions 
(obtained  during  detailed  post-storm  analysis  to 
determine  the  actual  path  and  intensity  of  the 
cyclone).  A  s ternary  of  the  verification  results  for 
1986  for  the  North  Indian  and  western  North  Pacific 
Ocean  is  present  in  Chapter  V. 

8.  PROGNOSTIC  REASONING 
MESSAGES 

For  tropical  storms  and  typhoons  in  the  western 
North  Pacific  Ocean,  prognostic  reasoning  messages 
are  transmitted  following  the  OOOOZ  and  1200Z 
warnings,  or  whenever  the  previous  forecast  reasoning 
is  no  longer  valid.  This  plain  language  message  is 
intended  to  provide  meteorologists  with  the  reasoning 
behind  the  latest  forecast. 

In  addition  to  this  message,  prognostic 
reasoning  information  applicable  to  all  customers  is 
provided  in  the  remarks  section  of  warnings  when 
significant  forecast  changes  are  made  or  when  deemed 
appropriate  by  the  TDO. 

9.  TROPICAL  CYCLONE 
FORMATION  ALERT 


7.  WARNINGS 

Tropical  cyclone  warnings  are  Issued  when  a 
closed  circulation  is  evident  and  maxinun  sustained 
winds  are  forecast  to  increase  to  34  knots  (18 
meters  per  second)  within  48  hours,  or  if  the 
tropical  cyclone  is  in  such  a  position  that  life  or 
property  may  be  endangered  within  72  hours.  Warnings 
may  also  be  issued  in  other  situations  if  it  is 
determined  that  there  is  a  need  to  alert  military  or 
civil  interests  to  threatening  tropical  weather 
conditions. 

Each  tropical  cyclone  ( warning  Is  numbered 
sequentially  and  includes  the  •following  information: 
the  position  of  the  surface  center;  estimate  of  the 
position  accuracy  and  the  supporting  reconnaissance 
(fix)  platforms;  the  direction  and  speed  of  movement 
during  the  past  3ix  hours  (past  12-hours  in  the 
southern  hemisphere);  the  intensity  and  radial  extent 
of  over  30- .  50- .  and  100-knot  surface  winds,  when 
applicable.  At  forecast  intervals  of  12- ,  24-,  48-, 
and  72-hours  (12-,  24-,  and  48-hours  in  the  southern 
hemisphere),  information  on  the  tropical  cyclone's 
anticipated  position,  intensity  and  wind  radii  are 
also  provided.  Vectors  indicating  the  mean  direction 
and  mean  speed  between  forecast  positions  are  also 
included  in  all  warnings. 

Warnings  in  the  western  North  Pacific  and  North 
Indian  Oceans  are  issued  every  six  hours  valid  at 
standard  times;  OOOOZ,  0600Z,  1200Z  and  1800Z  (every 
12-hours;  OOOOZ,  1200Z  or  0600Z,  1800Z  in  the 
southern  hemisphere).  All  warnings  are  released  to 
the  communications  network  no  earlier  than  synoptic 
time  and  no  later  than  synoptic  time  plus  two  and 
one-half  hours  so  that  recipients  will  have  a 
reasonable  expectation  of  having  all  warnings  "in 
hand"  by  synoptic  time  plus  three  hours  (0300Z, 
0900Z,  1500Z  and  2100Z). 


Tropical  Cyclone  Formation  Alerts  (TCFAs)  are 
issued  whenever  interpretation  of  satellite  imagery 
and  other  meteorological  data  indicate  that  the 
formation  of  a  significant  tropical  cyclone  Is 
likely.  These  formation  alerts  will  specify  a  valid 
period  not  to  exceed  twenty-four  hours  and  must 
either  be  cancelled,  reissued,  or  superseded  by  a 
tropical  cyclone  warning  prior  to  the  expiration  or 
the  valid  time. 


10.  SIGNIFICANT  TROPICAL 
WEATHER  ADVISORY 

This  product  contains  a  general ,  non-technical 
description  of  all  tropical  disturbances  in  JIVC's 
area  of  responsibility  (AOR)  and  an  assessment  of 
their  potential  for  further  (tropical  cyclone) 
development.  In  addition,  all  tropical  cyclones  in 
warning  status  are  briefly  discussed.  Two  separate 
messages  are  issued  daily  and  are  valid  for  a  24-hour 
period.  The  Significant  Tropical  Weather  Advisory 
for  the  western  Pacific  Ocean  (ABPW  PCIV)  covers  the 
area  east  of  100  degrees  East  Longitude  to  the 
dateline  and  is  issued  by  0600Z.  The  Significant 
Tropical  Weather  Advisory  for  the  Indian  Ocean  (ABI0 
PGTV)  covers  the  area  west  of  100  degrees  East 
Longitude  to  the  coast  of  Africa  and  is  issued  by 
1800Z.  It  is  reissued  whenever  the  situation 
warrants.  For  each  suspect  area,  the  words  "poor", 
"fair",  and  "good"  are  used  to  describe  the  potential 
for  further  development.  "Poor"  is  used  to  describe 
a  tropical  disturbance  that  is  not  expected  to 
require  a  TCFA  during  the  advisory  period;  "fair"  is 
used  to  describe  a  tropical  disturbance  that  is 
currently  not  covered  by  a  TCFA,  but  for  which  it  is 
likely  that  a  TCFA  will  be  issued  during  the  advisory 
period;  and  "good"  is  used  when  the  tropical 
disturbance  is  covered  by  a  TCFA. 
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CHAPTER  II  -  RECONNAISSANCE  AND  FIXES 


1.  GENERAL 

the  Joint  Typhoon  Warning  Center  depends  on 
reconnaissance  to  provide  necessary,  accurate,  and 
timely  Meteorological  information  in  support  of  each 
earning.  JTWC  relies  primarily  on  three 
reconnaissance  plat fores:  aircraft,  satellite,  and 
radar.  In  data  rich  areas,  synoptic  data  are  also 
used  to  supplement  the  above.  Optima  utilization  of 
all  available  reconnaissance  resources  is  obtained 
through  the  Selective  Reconnaissance  Program  (SRF); 
various  factors  are  considered  in  selecting  a 
specific  reconnaissance  platform  including 
capabilities  and  limitations,  and  the  tropical 
cyclone's  threat  to  life  and  property  both  afloat  and 
ashore.  A  summary  of  reconnaissance  fixes  received 
during  1985  is  included  in  Section  6  of  this  chapter. 

2.  RECONNAISSANCE 
AVAILABILITY 

a.  Aircraft 

Aircraft  weather  reconnaissance  for  the  JTVC  is 
performed  by  the  54th  Weather  Reconnaissance  Squadron 
(54th  WRS)  located  at  Andersen  Air  Force  Base,  Guam. 
The  54th  WRS  only  averaged  three  to  four 
storm-capable  aircraft  (six  assigned)  throughout  the 
entire  year.  On  April  8th,  five  of  the  54th  WRS '3 
six  WC-130  aircraft  were  grounded  for  cracked  wings 
(the  sixth  was  previously  grounded  fcr  major 
maintenance  repairs).  This  left  the  unit  with  no 
storm-capable  aircraft  fcr  a  short  period  of  time 
intil  replacements  began  arriving  from  the  53rd  WRS, 
Keesler  Air  Force  Base,  Mississippi.  During  the 
period  1  August  -  5  October,  two  53rd  WRS  WC-130 
aircraft  and  crews  were  in  place  to  augment  54th  WRS 
resources.  But  during  this  period.  Joint  Chiefs  of 
Staff  tasking  took  away  two  WC-130  aircraft  from  the 
54th  WRS,  resulting  in  no  net  aircraft  augmentation 
for  the  season.  The  JTWC  aircraft  reconnaissance 
requirements  are  provided  dally  to  the  Reconnaissance 
Coordinator  (TCARG).  The  TCARC  then  marries  the 
tasking  from  JTVC  with  the  available  airframes  from 
the  54th  WRS. 

As  in  previous  years,  aircraft  reconnaissance 
provides  direct  measurements  of  standard 
pressure-level  height,  temperature,  flight-level 
winds,  sea-level  pressure,  estimated  surface  winds 
(when  observable),  and  numerous  additional 
parameters.  The  meteorological  data  are  gathered  by 
the  Aerial  Reconnaissance  Weather  Officer  (ARWO)  and 
dropsonde  operators  of  Detachment  3.  1st  Weather  Wing 
who  fly  with  the  54th  WRS.  These  data  provide  the 
Typhoon  Duty  Officer  (TOO)  with  indications  of 
tropical  cyclone  position  and  intensity.  Another 
important  aspect  is  the  availability  of  the  data  for 
technique  development  and  tropical  cyclone  research. 

b.  Satellite 

Satellite  fixes  from  USAF/USN  ground  sites  and 
USN  ships  provide  day  and  night  coverage  in  JTVC's 
area  of  responsibility.  Interpretation  of  this 
satellite  imagery  provides  tropical  cyclone  positions 
and  estimates  of  current  and  forecast  intensities 
through  the  Dvorak  technique. 

c.  Radar 

Land-based  radar  provides  positioning  data  on 
wel 1 -developed  tropical  cyclones  when  in  the 
proximity  (usually  within  175  nm  (324  km))  of  the 
radar  sites  in  the  Philippines,  Taiwan,  Hong  Kong, 
Japan,  South  Korea,  Kwajalein,  and  Guam. 


d.  Synoptic 

JTWC  also  determines  tropical  cyclone  positions 
based  on  the  analysis  of  the  surf  ace/ gradient-level 
synoptic  data.  These  positions  were  helpful  in 
situations  where  the  vertical  structure  of  the 
tropical  cyclone  was  weak  cr  accurate  surface 
positions  from  aircraft  or  satellite  were  not 
available. 

3.  AIRCRAFT 

RECONNAISSANCE 

SUMMARY 

During  1986,  JTVC  levied  requirements  for  250 
vortex  fixes  and  73  investigative  missions  of  which  9 
were  flown  into  disturbances  that  did  not  develop.  In 
addition  to  the  levied  fixes,  206  intermediate  fixes 
were  also  obtained.  Thirty-six  synoptic  missions 
were  requested  and  flown  to  provide  mid-level 
steering  information.  The  average  distance  error  for 
all  aircraft  fixes  received  at  JTWC  during  1986  was 
13  rm  (24  km). 

Aircraft  reconnaissance  effectiveness  is 
summarized  in  Table  2-1.  The  manner  in  which  the 
aerial  reconnaissance  mission  is  graded  changed 
during  1986.  A  new  Mission  Effectiveness  Grading 
(MEG)  system  was  tested  operationally.  No  longer  is 
the  early,  late  or  on-time  criteria  being  used.  The 
new  system  graded  the  performance  of  the  mission  as 
satisfactory,  degraded  but  satisfactory, 
unsatisfactory  or  missed.  A  mission  could  be 
degraded  if  certain  critical  weather  parameters  were 
not  obtained  such  as  temperature,  dew  point,  minimum 
sea-level  pressure,  flight-level  height  in  meters, 
etc.  Also  if  too  much  time  or  too  little  time 
elapsed  between  the  primary  and  intermediate  fixes, 
the  mission  could  be  degraded  and  yet  be 
satisfactory. 


TABU  2-1. 

AIRCRAFT 

RKOHUISSARCS  ETFKT1V 

BESS 

HI33I0RS 
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ccMFtxns 

MISSED 

FC8C0T 

ruts 

250 

2*0 

10 

96.0* 

WESTS 

73 

70 

3 

95.91 

STROFTIC  TRACKS 

36 

30 

6 

83.3* 

MISS  I  OR 

VFKTIvmtSS  GRAD  IK 

TOTAL 

FticnT 

FIX  MI3SI0RS  TASKED 
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— 

SATISF ACTOR T 

210 

8*  .0* 

1  DEGRADED  (BUT  SATISF ACTORT ) 

57 

22.8* 

URSATISFACTORT 

*0 

16.0* 
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10 
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61 
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4.  SATELLITE 

RECONNAISSANCE 

SUMMARY 


The  Air  Force  provides  satellite  reconnaissance 
support  to  JTWC  through  a  tropical  cyclone  satellite 
surveillance  network  consisting  of  both  tactical  and 
centralized  facilities.  Tactical  DMSP  sites 
monitoring  DMSP,  NOAA  and  geostationary  satellite 
data  are  located  at  Nimltz  Hill,  Guam;  Clark  AB, 
Republic  of  the  Philippines;  Kadena  AB,  Okinawa, 
Japan;  Osan  AB,  Republic  of  Korea;  and  Hickam  AFB, 
Hawaii.  These  sites  provide  a  combined  coverage  that 
includes  most  of  JTWC's  area  of  responsibility  in  the 
western  North  Pacific  frcm  near  the  dateline  westward 
to  the  Malay  Peninsula.  For  the  remainder  of  its 
AOR,  JTWC  relies  on  the  Air  Force  Global  Weather 
Central  (AFGWC)  to  provide  coverage  using  stored 
satellite  data.  The  Naval  Oceanography  Command 
Detachment,  Diego  Garcia,  provides  NOAA  polar 
orbiting  coverage  in  the  central  Indian  Ocean  as  a 
supplement  to  this  support.  U.S.  Navy  ships  equipped 
for  direct  readout  also  provide  supplementary 
support . 

AFGWC,  located  at  Offutt  AFB,  Nebraska,  is  the 
centralized  member  of  the  tropical  cyclone  satellite 
surveillance  network.  In  support  of  JTWC,  AFGVC 
processes  stored  imagery  from  DMSP  and  NOAA 
spacecraft.  Imagery  recorded  cnboard  the  spacecraft 
as  they  pass  over  the  earth  is  later  downlinked  to 
AFGWC  via  a  network  of  command  readout  sites  and 
communication  satellites.  This  enables  AFGWC  to 
obtain  the  coverage  necessary  to  fix  all  tropical 
systems  of  interest  to  JTWC.  AFGWC  has  the  primary 
responsibility  to  provide  tropical  cyclone 
surveillance  over  the  entire  Indian  Ocean,  southwest 
Pacific,  and  the  area  near  the  dateline. 
Additionally,  AFGWC  can  be  tasked  to  provide  tropical 
cyclone  positions  in  the  entire  western  North  Pacific 
as  backup  to  coverage  routinely  available  in  that 
region. 

The  hub  of  the  network  is  Detachment  1.  First 
Weather  Wing  (Det  1,  1WW),  colocated  with  JTWC  on 
Nimltz  Hill,  Guam.  Based  on  available  satellite 
coverage,  Det  1,  1WW  is  responsible  for  coordinating 
satellite  reconnaissance  requirements  with  JTWC  and 
tasking  the  individual  network  sites  for  the 
necessary  tropical  cyclone  fixes  and  intensity 


estimates.  When  a  particular  fix  is  important  to  the 
development  of  JTWC's  next  tropical  cyclone  warning, 
two  sites  are  tasked  to  fix  the  tropical  cyclone  from 
the  same  satellite  pass.  This  "dual-site"  concept 
provides  the  necessary  redundancy  to  virtually 
guarantee  JTWC  an  accurate  satellite  fix  on  the 
tropical  cyclone. 

The  network  provides  JTWC  with  several  products 
and  services.  The  main  service  is  one  of  monitoring 
its  AOR  for  indications  of  tropical  cyclone 
development.  If  an  area  exhibits  the  potential  for 
development,  JTWC  is  notified.  Once  JTWC  Issues 
either  a  Tropical  Cyclone  Formation  Alert  or  warning, 
the  network  is  tasked  to  provide  three  products: 
tropical  cyclone  positions ,  intensity  estimates  and 
forecast  intensities.  Each  satellite  tropical 
cyclone  position  is  assigned  a  Position  Code  Number 
(PCN)  to  indicate  the  accuracy  of  tve  fix  position. 
This  is  determined  by  the  availability  of  visible 
lanctoark3  in  the  image  for  precise  grldding,  and  the 
degree  of  organization  of  the  tropical  cyclone's 
cloud  system  (Table  2-2). 


TABLE  2-2. 

POSITION  CODE  NUMBERS  j 

PCN 

METHOD  OF  CENTER  DETERMINATION/ GRIDDING 

1 

EYE/GEOGRAPHY 

2 

EYE/EPHEMERIS 

3 

WELL-DEFINED  CIRCULATION  CENTER/ GEOGRAPHY 

A 

WELL-DEFINED  CIRCULATION  CENTER/ EPHEMERIS 

5 

POORLY  DEFINED  CIRCULATION  CENTER/ GEOGRAPHY 

6 

POORLY  DEFINED  CIRCULATION  CENTER/ EPHMER IS 

During  1986,  the  network  provided  JTWC  with  a 
total  of  2693  satellite  rixes  on  tropical  systems  in 
the  western  North  Pacific.  This  is  a  record  number 
of  fixes  for  the  year.  Another  57  fixes  were  made 
for  tropical  systems  in  the  North  Indian  Ocean.  A 
comparison  of  those  fixes  of  numbered  tropical 
cyclones  in  the  western  North  Pacific  with  their 
corresponding  JTWC  best  track  positions  is  shown  in 
Table  2-3a  (Comparison  of  fixes  with  the 
corresponding  best  track  for  the  South  Pacific  and 
Indian  Oceans  are  presented  in  Table  2-3b). 


TABLE  2-3A. 


MEAN  DEVIATION  (NM)  OF  ALL  SATELLITE  DERIVED  TROPICAL 
CYCLONE  POSITIONS  FROM  THE  JTWC  BEST  TRACK  POSITIONS 
IN  THE  WESTERN  NORTH  PACIFIC  AND  NORTH  INDIAN  OCEANS. 
NUMBER  OF  CASES  IN  PARENTHESES. 


WESTERN  NORTH  PACIFIC  OCEAN 


NORTH  INDIAN  OCEAN 


1976-1985  AVERAGE 


1980-1985  AVERAGE 


(ALL  SITES) 


(ALL  SITES) 


(ALL  SITES) 


(ALL  SITES) 


13.6  (1632) 

16.6  (1792) 


20.9  (2367) 

22.9  (1300) 


37.  1  <4381  ) 

39.5  (3250) 


RO. 8  (1125) 


15.2  <  3424 ) 


21  .6  (3667) 


38.3  (763D 


41.8  (1447) 


(11722) 


16.7 

(10) 

18.9 

(7) 

17.6 

(21  ) 

161.6 

58.3 

(10) 

33.5 

(220) 

87.1 

37.5 

<20  3) 

106. 1 

17.2 

(17) 

33.0 
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31.7 
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99.5 

(501  ) 
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TABLE  2-3B. 


MEAJI  DEVIATION  (MM)  OP  ALL  SATELLITE  DERIVED 
TROPICAL  CYCLONE  POSITIONS  IN  THE  SOUTH 
PACIFIC  AND  SOUTH  INDIAN  OCEANS. 

NUMBER  Or  CASES  IN  PARENTHESES . 


(ALL  SITES) 


1 

10.3 

(40) 

2 

15.6 

(144) 

3 

39.5 

(55) 

* 

23.9 

(111) 

5 

46.7 

(150) 

6 

36.1 

(1012) 

112 

16.3 

(192) 

3** 

29.1 

(166) 

546 

37.5 

(1170) 

TOTALS 

(1520) 

Estlmtes  of  the  tropical  cyclone* s  current  intensity 
and  24-hour  Intensity  forecast  are  made  every  12 
hours  by  applying  the  Dvorak  technique  (NOAA 
Technical  Report  NESDIS  11)  to  visual  and  enhanced 
infrared  imagery  (Figure  2-1  and  Table  2-4). 
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Figure  2-1.  Dvorak  code  for  communicating  estimates 
of  current  and  forecast  intensity  derived  from  satellite 
data.  In  the  example,  the  current  T-number  is  35.  but 
the  current  intensity  estimate  is  45  (equivalent  to  77  kt 
(40  ml  sec)).  The  cloud  system  has  weakened  by  15 
T- numbers  since  the  previous  evaluation  conducted  24 
hours  earlier.  The  plus  (+)  symbol  indicates  an  expected 
reversal  of  the  weakening  trend  or  very  little  further 
weakening  of  the  tropical  cyclone  during  the  next 
24-hour  period. 


Figure  2-2  shows  the  status  or  operational  polar 
orbiting  spacecraft.  Four  were  available,  on  the 
average,  throughout  the  year.  The  two  CUSP 
satellites,  17540  (F6)  and  18541  (F7).  operated 
reliably  through  th e  year  with  only  occasional  minor 
imagery  loss  due  to  seasonal  repositioning  of  a  glare 
obstructor  (GLOB)  on  the  F6  spacecraft.  NOAA 
spacecraft  did  not  fare  as  well.  On  January  1st, 
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NOAA  b  was  returned  to  service  from  standby  mods  to 
replace  an  ailing  NOAA  8.  Only  partially 
operational ,  NOAA  6  served  as  the  primary  morning 
spacecraft  for  most  of  1986.  Its  most  serious 
limitation  (for  Det  1,  lWW's  operations)  was  the 


appearance  of  "railroad  track-like"  lines  through  the 
center  of  its  High  Resolution  Picture  Transmissions 
(HRFT)  imagery.  But  by  17  November,  it  had  again 
been  placed  on  standby  (with  HRPT  and  Automatic 
Picture  Transmission  (APT)  turned  off),  and  was 
replaced  by  the  newly- launched  NOAA  10.  NOAA  10  and 
NOAA  9  have  had  no  major  problems  providing 
high-quality  Imagery  through  the  remainder  of  the 
year. 


5.  RADAR 

RECONNAISSANCE 

SUMMARY 


Eighteen  of  the  27  significant  tropical  cyclones 
in  the  western  North  Pacific  during  1986  passed 
within  range  of  land-based  radar  with  sufficient 
cloud  pattern  organization  to  be  fixed.  The 
land-based  radar  fixes  that  were  obtained  and 
transmitted  to  JTVfC  totaled  899.  Only  one  radar  fix 
was  obtained  by  reconnaissance  aircraft. 

The  WM3  radar  code  defines  three  categories  of 
accuracy:  good  (within  10  km  (5  r*n)),  fair  (within 
10-30  km  (5-16  rm)),  and  poor  (within  30-50  km  (16-27 
nn)).  Of  the  900  radar  fixes  coded  in  this  mamer; 
2*13  were  good,  257  were  fair,  and  400  were  poor. 
Compared  to  JTWG's  best  track,  the  mean  vector 
deviation  far  land-based  radar  sites  was  16  nm  (29 
km).  Excellent  support  through  timely  and  accurate 
radar  fix  positioning  allowed  JTVC  to  track  and 
forecast  tropical  cyclone  movement  through  even  the 
most  difficult  erratic  tracks. 

As  in  previous  years,  no  radar  reports  were 
received  on  North  Indian  Ocean  tropical  cyclones. 


6.  TROPICAL  CYCLONE 
FIX  DATA 


A  total  or  3868  fixes  on  27  western  North 
Pacific  tropical  cyclones  and  59  fixes  on  3  North 
Indian  Ocean  tropical  cyclones  were  received  at  JTWC. 
Table  2 -5 A,  Fix  Platform  Suranary,  delineates  the 
number  of  fixes  per  platform  for  each  individual 
tropical  cyclone.  Season  totals  and  percentages  are 
also  indicated.  (Table  2-5B  provides  the  same 
information  for  the  South  Pacific  and  South  Indian 
Oceans. ) 


TABLE  2-4. 


MAXIMUM  SUSTAINED  WIND  SPEED  (KT) 
as  a  Function  of  Dvorak  ci  a  fi 
(CURRENT  AND  FORECAST  INTENSITY) 
NUMBER  AND  MINIMUM  SEA-LEVEL 
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TABLE  2-5 B. 


PIX  PLATFORM  SUMARY  FOR  19S6 


THE  SOOTH  PACIFIC 
AMD  SOOTH  DfDIAE  OCKAMS 
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CHAPTER  Ml  -  SUMMARY  OF  WESTERN  NORTH  PACIFIC 
AND  NORTH  INDIAN  OCEAN  TROPICAL  CYCLONES 

1.  GENERAL 


During  1986,  JTWC  issued  warnings  for 
twenty-seven  tropical  cyclones  in  the  western  North 
Pacific.  This  included  three  super  typhoons,  sixteen 
typhoons,  eight  tropical  stonns  and  no  tropical 
depressions.  This  also  Included  one  typhoon, 
Georgette  (HE),  which  initially  developed  in  the 
eastern  North  Pacific.  For  the  second  year  in  a  row 
the  total  number  of  western  North  Pacific  tropical 
cyclones  was  four  lower  than  the  climatological  mean 
of  thirty-one.  The  total  for  the  North  Indian  Ocean 
was  three  tropical  cyclones  (of  tropical  stonn 
Intensity),  which  is  also  less  than  the 
climatological  mean  of  4.5  and  three  less  than  the 
preceding  year.  In  summary,  warnings  were  issued  on 
a  total  of  thirty  tropical  cyclones  in  the  northern 
hemisphere. 

In  WESTPAC  there  were  163  "warning  days".  (A 
"warning  day"  is  defined  as  a  day  during  which  JTWC 
was  issuing  warnings  on  at  least  one  tropical 
cyclone.  A  "two-cyclone"  day  refers  to  a  day  when 
two  different  tropical  cyclones  were  warned  on 
simultaneously,  a  "three-cyclone"  day  -  three 
tropical  cyclones  at  one  time,  and  so  on...).  In 
WESTPAC,  there  were  thirty-two  two-cyclone  days,  four 
three-cyclone  days  and  no  four-  or  five-cyclone  days. 
When  North  Indian  Ocean  tropical  cyclones  are 
included,  there  were  168  warning  days,  thirty-two 
two-cyclone  days,  seven  three-cyclone  days  and  no 
four-  or  five-cyclone  days. 

JTWC  issued  743  warnings  on  the  twenty-seven 
western  North  Pacific  tropical  cyclones  and 
twenty-nine  warnings  on  the  three  North  Indian  Ocean 
tropical  cyclones,  for  a  total  of  772  northern 
hemisphere  warnings.  There  were  thirty-eight  initial 
Tropical  Cyclone  Formation  Alerts  (TCFAs)  issued  for 
the  western  North  Pacific  and  seven  for  the  North 
Indian  Ocean,  for  a  total  of  forty-five.  All  WESTPAC 
and  North  Indian  Ocean  tropical  cyclones  (100 
percent)  developed  after  the  issuance  of  a  TCFA.  For 
the  western  North  Pacific,  the  false  alarm  rate  was 
twenty-six  percent  (a  ten  percent  improvement  over 
last  year)  and  the  mean  lead  time  (to  issuance  of 
first  warning)  was  twenty-five  hours.  For  the  North 
Indian  Ocean,  the  false  alarm  rate  was  57.0  percent; 
the  mean  lead  time  was  5.7  hours. 


2.  WESTERN  NORTH  PACIFIC 
TROPICAL  CYCLONES 

Several  factors  made  1986  an  unusual ,  and 
therefore  difficult,  tropical  cyclone  season  for 
JWC.  There  were  only  four  classic  "straight 
runners"  (which  normally  have  the  lowest  forecast 
errors)  in  1986,  as  compared  to  the  seven  of  1985. 
The  number  of  "recurvers"  was  the  3ame,  but  there 
were  three  more  tropical  cyclones  in  the  "other" 
category  in  1986  than  in  1985.  "Other"  tropical 
cyclones  are  those  whose  tracks  do  not  easily  fit 
into  the  straight  runner  or  recurver  categories, 
i.e.,  the  erratic  systems.  The  tropical  cyclones  in 
this  last  category  were  the  most  difficult  to 
forecast.  The  major  forecast  problems  arose  with 
those  tropical  cyclones  that  formed  in  the  active 
monsoon  trough  and  during  the  extremely  active  winter 
period.  For  discussion  purposes  the  tropical  cyclone 
year  is  divided  into  three  periods. 


JANUARY  THROUGH  AUGUST 

The  season  began  in  late  January  with  Typhoon 
Judy  (01W),  a  "classic"  recurving  system  which  passed 
between  Guam  and  the  fhilippine  Islands.  Although 
J7WC  did  a  good  Job  forecasting  the  track, 
difficulties  with  the  speed  of  movement  caused 
forecast  errors  to  be  larger  than  average.  Typhoon 
Ken  (02W)  was  a  short-lived  tropical  cyclone  which 
formed  southwest  of  Guam  and  dissipated  over  water. 

Super  Typhoon  Lola  (03W)  developed  very  slowly  in  the 
vicinity  of  Pohnpei  in  the  Caroline  Islands.  The 
enhanced  southwest  monsoon  flow  associated  with 
Lola's  formation  was  significant,  as  indicated  by 
damaging  60  kt  31  (m/sec)  winds  which  were  reported 
on  Pohnpei.  At  the  same  time,  and  of  particular 
meteorological  interest,  was  the  development  of  a 
"twin"  tropical  cyclone,  Namu  (33P).  in  the  western 
South  Pacific.  This  situation  occurs  periodically  in 
the  Western  Pacific  and  Indian  Oceans  when  strong 
low-latitude  westerlies  enhance  the  development  of 
tropical  cyclones  in  both  hemispheres.  This  is 
usual  ly  observed  during  the  spring  and  fall 
transition  periods.  Tropical  Cyclone  Namu  (33P), 
incidentally,  was  the  most  intense  tropical  cyclone 
to  strike  the  Solomon  Islands  this  century.  Tropical 
Storm  Mac  (04W)  developed  near  the  island  of  Hainan 
in  the  South  China  Sea  and  passed  between  Luzon  and 
Taiwan  at  the  end  of  May.  As  a  monsoon  depression, 
it  struggled  against  strong  vertical  wind  shear  most 
of  its  life.  Typhoon  Nancy  (05W)  developed  in  June 
in  the  central  Philippine  Sea,  struck  the  east  coast 
Taiwan  and  recurved  into  the  Korea  Strait.  JTWC 
forecast  Nancy's  recurvature  track  quite  well  until 
near  the  end,  when  it  began  to  accelerate  toward  the 
northeast  and  central  convection  sheared  away. 

Tropical  Storm  Owen  (06W)  was  another  relatively  weak 
system  which  had  difficulty  developing  due  to  strong 
vertical  shear.  The  second  super  typhoon  of  the 
year,  Peggy  (07W),  developed  east  of  Guam  and 
followed  a  we3t-northwest  track  into  northern  Luzon,  i 

where  93  deaths  resulted.  It  continued  onward  until 
it  made  a  second  landfall  on  the  China  coast 
northeast  of  Hong  Kong.  Typhoon  Roger  (08W)  was 
another  one  of  the  several  early  season  recurving 
tropical  cyclones.  The  recurvature  near  the  island  1 

of  Okinawa  was  accurately  forecast  48-hours  in 
advance.  Tropical  Storm  Sarah  (09W)  was  the  first  of 
a  series  of  tropical  cyclones  which  caused  serious 
forecast  problems  for  JTWC.  Sarah  (09V0  developed  in  ' 

an  active  monsoon  trough  east  of  Luzon  and  appeared, 
fran  satellite  Imagery,  to  track  west-northwestward 
across  Luzon  into  the  South  China  Sea.  Post-analysis  I 

of  aircraft  reconnaissance  data,  however.  Indicated  I 

that  the  low-level  center  never  made  landfall  on 
Luzon,  but  recurved  northeastward  Instead.  Typhoon 
Tip  (10W)  and  Typhoon  Georgette  (11E)  engaged  in  a 
classic  binary  interaction  (Fujlwhara,  1921  and  1923;  j 

Brand,  1970;  Dong  and  Neumann,  1983)  northeast  of  j 

Guam  which  resulted  in  larger  than  average  forecast  j 

errors  for  both  systems.  Typhoon  Georgette  (11E),  5 

incidentally  had  one  of  the  longest  tracks  cn  record.  v 

It  initially  developed  in  the  eastern  North  Pacific,  y 

dissipated  as  a  significant  tropical  cyclone  in  the  ‘j 

central  North  Pacific,  and  then  regenerated  from  the  lj 

pre-existing  disturbance  in  the  western  North  I 

Pacific.  Typhoon  Vera  (11W)  caused  more  forecast  | 

problems  than  any  tropical  cyclone  in  1986.  It  1 

generated  in  the  active  monsoon  trough  as  a  "classic"  i 

monsoon  depression  -  difficult  to  position  and  ' 

forecast.  Typhoon  Wayne  (12W)  was  probably  the  most  ' 

interesting  tropical  cyclone  In  1986.  During  its  I 
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exceptionally  long  life  (twenty  days),  it  struck 
Luzon  (once)  and  Taiwan  (twice),  threatened  Hong  Kong 
(twice),  dissipated  and  reformed  (once),  before 
finally  dissipating  over  North  Vietnam  near  Hanoi. 
Many  multiple-storm  days  occurred  during  the  later 
part  of  this  first  period.  As  a  result, 
reconnaissance  (both  satellite  and  aircraft)  assets 
were  working  overtime  to  keep  up  with  the 
requirements  for  the  latest  data. 

SEPTEMBER  THROUGH  OCTOBER 

The  tropics  quieted  down  scmewhat  during  this 
second  period.  Typhoon  Abby  (13W)  developed  just  to 
the  southeast  of  Guam  and  moved  northwestward  before 
recurving  near  Taiwan.  Typhoon  Ben  (l*tw)  developed 
rapidly  southeast  of  Guam  and  drifted  northward 
before  recurving  through  a  break  in  the  subtropical 
ridge.  Typhoon  Carmen  (15W)  was  the  third  tropical 
cyclone  in  a  row  to  develop  southeast  of  Guam.  It 
followed  a  recurvature  track,  passing  north  of  Guam 
and  east  of  Japan.  The  forecast  statistics  for 
Carmen  (15W)  were  excellent. 

During  the  rest  of  October  and  into  early 
November,  the  major  tropical  cyclone  generation  area 
shifted,  for  the  most  part,  from  southeast  of  Guam  to 
the  Philippine  Islands.  Although  Tropical  Storm  Dan 
(16W)  did  not  become  a  "significant"  tropical  cyclone 
until  it  was  approaching  the  coast  of  Vietnam,  the 
Republic  of  the  Philippines  suffered  extensive 
flooding  when  Dorn  (16W),  at  tropical  depression 
intensity,  passed  by.  Typhoon  Ellen  (17W) 
intensified  east  of  the  central  Philippine  Islands 
and  passed  about  90  nm  (167  km)  south  of  Subic  Bay. 
Initially,  it  appeared  that  recurvature  toward  Taiwan 
would  take  place,  but  a  surge  in  the  low-level 
northeaster lies  from  the  China  mainland  resulted  in  a 
more  westerly  track  towards  the  island  of  Hainan. 
Further  to  the  east,  Typhoon  Forrest  (18W),  which 
attained  100  kt  (185  m/sec)  intensity,  developed 
northeast  of  Guam  and  recurved.  Tropical  Storm 
Georgia  (19W)  spawned  Just  east  of  the  central 
Philippine  Islands,  passed  south  of  Subic  Bay  and 
made  landfall  over  Vietnam  after  following  a  nearly 
straight  track. 

NOVEMBER  AND  DECEMBER 

The  combined  months  of  November  and  December 
1986  proved  to  be  one  of  the  mo3t  active  winters  in 
WESTPAC  history  with  seven  tropical  cyclones 
(compared  to  an  average  of  four).  The  three  typhoons 
in  December  is  an  all-time  record.  Tropical  Storm 
Herbert  (20W)  developed  in  the  wake  of  Tropical  Storm 
Georgia  ( 19W)  and  followed  an  almost  identical  track 
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westward  across  the  South  China  Sea  with  landfall  on 
tne  coast  of  central  Vietnam.  Tropical  Storm  Ida 
(21W)  was  hindered  by  the  frictional  effects  during 
its  passage  through  the  central  Philippine  islands 
and  strong  vertical  wind  shear  over  the  South  China 
Sea.  Typhoon  Joe  (22W)  formed  east  of  Luzon  and 
recurved  to  the  northeast  without  making  landfall. 
Its  associated  convective  bands,  however,  produced 
significant  rainfall  over  the  northern  Luzon.  The 
tropical  cyclone  activity  then  shifted  eastward. 
Super  Typnoon  Kim  (23W)  was  the  first  in  a  series  of 
four  difficult  late  season  tropical  cyclones.  It 
formed  to  the  southeast  of  Guam  and  initially 
followed  a  northwestward  track.  Although  Kim  (23W) 
appeared  to  change  to  a  recurvature  track  before 
reaching  Guam,  it  abruptly  turned  toward  the  west  and 
passed  15  nm  (28  km)  north  of  the  island  of  Saipan  in 
the  Marianas  at  near  super  typhoon  intensity,  causing 
extensive  damage.  Tropical  Storm  Lex  (24W)  developed 
in  the  wake  of  Kim  (23 W)  but  was  unable  to  mature  due 
to  the  strong  upper-level  shear  caused  by  the  Intense 
outflow  from  Kim  (23W).  Typhoon  Marge  (25W)  also 
developed  southeast  of  Guam,  but  very  slowly.  It 
turned  westward,  passed  south  of  Guam,  then  crossed 
the  central  Philippine  Islands  and  dissipated  in  the 
South  China  Sea.  Typhoon  Norris  (26W)  continued  the 
late  season  trend  by  developing  to  the  southeast  of 
Guam.  It  oscillated  about  a  westward  track  and 
crossed  the  central  Philippine  Islands  before 
dissipating  over  the  South  China  Sea. 

The  last  three  typhoons  of  the  year  -  Kim  (23W), 
Marge  (25W)  and  Norris  (26W)  were  similar  in  that 
they  followed  a  "step-like"  track.  It  appeared  that 
the  basic  steering  flew  south  of  the  subtropical 
ridge  axis  changed  the  tracks  from  a  westward  to  more 
northwestward,  as  mid-latitude  troughs  moved  off 
China.  Once  these  trougis  had  passed  to  the  north, 
the  tracks  reverted  back  to  westward.  The 
mid-latitude  troughs  never  penetrated  far  enough  to 
the  south  to  break  through  the  subtropical  ridge  and 
allow  the  tropical  cyclones  to  recurve.  Later,  as 
the  tropical  cyclones  approached  the  Philippine 
Islands,  southwestward  movement  was  observed  due  to 
surges  in  the  northeast  monsoon,  which  had  rully 
established  itself  across  the  Philippine  Islands  and 
South  China  Sea.  During  wintertime  synoptic  regimes, 
forecast  difficulties  were  also  compounded  by  the 
instability  of  the  One-Way  Interactive  Tropical 
Cyclone  Model  (OTCM),  JTWC'3  primary  dynamic  forecast 
aid,  due  to  kinetic  energy  conversion  problems. 

Tables  3-1  throu#i  3-6  provide  information  on 
the  monthly  and  annual  distribution  of  tropical 
cyclones,  warnings  and  tropical  cyclone  formation 
alerts. 
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NOTE:  TMa  new  coapllillon  of  1959  through  1986  data  was  dona  after 
establishing  a  standard  for  the  tlMs  whan  a  tropical  cyclone  ailatad  in  two 
aaparata  months.  Tha  crltarton  used  Tollowa: 

l.  If  a  tropical  cyclona  was  first  warnad  on  during  the  last  two  days 
of  a  particular  aonth  and  continued  over  Into  tha  neat  aonth  for  longer 
than  two  days,  than  that  aystaa  was  attributed  to  the  second  aonth. 

P.  If  a  tropical  cyclona  was  warned  on  prior  to  tha  last  two  days  at  a 
aonth,  it  was  attributed  to  tha  first  aonth  -  no  aatter  how  long  tha  systaa 
lasted. 

3.  If  a  tropical  cyclona  began  on  tha  last  day  of  the  aonth  and  ended 
on  the  first  day  of  the  neat  aonth.  that  tropical  cyclona  was  attributed 
to  tha  first  aonth.  However,  if  a  troptral  cyclone  began  tn  the  last  <*y 
of  the  aonth  and  continued  Into  the  neat  aonth  for  two  days  only,  men  It 
was  attributed  to  the  second  aonth. 
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TABU  3-3 

WESTERN  NORTH  PACIPIC  SU)«ARY 
TYPHOONS 

(1945-1958) 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TOTALS 

AVG 

0.4 

0.1 

0.3 

0.4 

0.7 

1 .1 

2.0 

2.9 

3.2 

2.4 

2.0 

0.9 

16.3 

CASES 

5 

1 

4 

5 

10 

15 

28 

41 

45 

34 

28 

12 

228 

0  959- 

•1986) 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TOTALS 

AVG 

0.2 

0.1 

0.2 

0.5 

0.7 

1 .0 

2.7 

3.3 

3.3 

3.0 

1.7 

0.7 

17.4 

CASES 

6 

2 

6 

15 

19 

29 

75 

91 

91 

85 

47 

19 

486 

TROPICAL  STORMS  AND  TYPHOONS 

( 1 945—1 958 ) 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TOTALS 

AVG 

0.* 

0.1 

0.4 

0.5 

0.8 

1.6 

3.0 

3.9 

4.1 

3.3 

2.8 

1.1 

22.0 

CASES 

6 

1 

6 

7 

11 

22 

42 

54 

58 

46 

39 

16 

308 

(1959- 

1986) 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TOTALS 

AVG 

0.5 

0.3 

0.5 

0.7 

1.1 

1.8 

4.1 

5.3 

4.9 

4.1 

2.6 

1.3 

27.1 

CASES 

1* 

8 

14 

20 

30 

49 

116 

147 

136 

116 

73 

36 

759 

0946) 

FORMATION  ALERTS:  27  of  36  Formation  Alerts  developed  Into  significant 
tropical  cyclones.  Tropical  Cyclone  Formation  Alerts  were  Issued 
for  all  of  the  significant  tropical  cyclones  that  developed  In  1986. 

WARNINGS: 

Nuat>er  of  calendar  warning  days:  163 

Nuaber  of  calendar  warning  days 

with  two  tropical  cyclones:  32 

Nuaber  of  calendar  warning  days 

with  three  tropical  cyclones:  A 
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FALSI 

0»  AL«T 

Menni 

TROfICAL 

ALARM 

TUI 

SYSTOIS 

TTOfiCAL  CYC  LORD 

CTCLOMS 

RATI 

197* 

3* 

25 

25 

269 

1976 

!• 

25 

25 

269 

1977 

26 

20 

21 

239 

197® 

3? 

27 

3? 

169 

1979 

?7 

23 

28 

159 

'960 

37 

28 

28 

299 

1981 

?9 

28 

29 

39 

19®? 

36 

26 

?8 

289 

1983 

31 

?5 

25 

199 

'  96* 

37 

30 

30 

199 

1986 

39 

26 

27 

339 

1986 

38 

27 

27 

299 

(1975-1986) 

ITDUK3I 

33.3 

25.8 

27.1 

21.99 

CIS  IS 

900 

310 

325 
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WESTERN  NORTH  PACIFIC 
TROPICAL  CYCLONES 


TYPHOON  JUDY  (01W) 


The  formation  of  Typhoon  Judy  marked  the  start 
of  the  western  North  Pacific  tropical  cyclones  for 
198o.  Judy  originated  near  two  degrees  North 
Latitude  in  the  near-equatorial  trough.  It  was  aided 
in  its  initial  development  by  brisk  northeasterly 
trade  flow  associated  with  a  shear  line  situated  to 
the  north  and  the  low  latitude  monsoonal  westerlies 
in  the  southern  hemisphere.  Judy  was  also  the 
season's  first  tropical  cyclone  to  enter  the 
mid-latitude  westerlies  and  recurve. 

Curing  most  of  January,  a  winter  weather  pattern 
dominated  the  tropical  western  North  Pacific  area. 
Convective  activity  was  confined  to  low  latitudes  on 
the  periphery  of  the  near-equatorial  trough  (NET). 
In  the  last  week  of  January,  the  NET  extended  from 
the  southern  Philippines  east-southeast  to  the 
equator  420  nm  (778  km)  south-southeast  of  the  island 
of  Pohnpei. 

The  cloud  system  first  appeared  late  on  25 
January  as  an  area  of  disorganized  convection  300  rm 
(556  km)  in  diameter.  With  unrestricted  upper-level 
outflow  to  the  north  and  west,  the  convection 
persisted  through  the  diurnal  minimum  period  (around 
0400Z)  on  the  26th  and  was  first  noted  on  the 
Significant  Tropical  Weather  Advisory  (ABPW  PGIW)  at 
260600Z. 

luring  the  next  three  days,  the  convection 
continued  a  gradual  increase  in  areal  extent,  but 


remained  poorly  organized.  Early  on  29  January,  an 
aircraft  reconnaissance  investigative  mission  flown 
into  the  disturbance  was  unable  to  locate  a  low-level 
circulation  center.  However,  the  Aerial 
Reconnaissance  Weather  Officer  (AHWO)  estimated  a 
minimum  sea-level  pressure  (MSLP)  in  the  area  at  1001 
mb.  Since  this  pressure  was  approximately  6  mb  below 
the  surrounding  environmental  MSLP  to  the  north  and 
the  disturbance  was  expected  to  track  westward  into 
an  upper-level  environment  with  less  vertical  wind 
shear,  a  Tropical  Cyclone  Formation  Alert  C1CFA)  was 
issued  at  290630Z. 

A  second  investigative  mission  flown  early  on 
the  30th  also  failed  to  locate  a  definite  low-level 
circulation.  The  ARVO  estimated  maximum  surface 
winds  of  25  kt  (13  m/sec)  to  35  kt  (18  m/sec)  to  the 
north  in  the  easterly  flow.  Satellite  imagery  and 
synoptic  data  indicated  this  enhanced  flow  was  a 
result  of  a  shear  line  to  the  north  of  the  disturbed 
area.  Because  of  a  decrease  in  both  convection 
(diurnal)  and  low-level  inflow,  the  TCFA  for  the 
disturbance  was  cancelled  at  300600Z. 

Post  analysis  indicates  this  cancellation  was 
premature.  Satellite  imagery,  over  the  next 
forty-eight  hours,  detected  a  dramatic  increase  in 
convection  associated  with  this  slowly  ,  westward 
moving  disturbance.  Analysis  of  satellite  imagery 
(Figure  3-01-1)  procpted  the  issuance  of  a  second 


Figure  3-01-1.  Judy  jus i  prior  to  issuance  of  second 
TCFA  (302349Z  January  DMSP  visual  imagery). 


ICFA  at  310130Z.  TWenty-four  hours  later,  infrared 
satellite  imagery  indicated  a  upper-level  anticyclone 
was  developing  over  the  disturbance  and  (Dvorak) 
satellite  intensity  analysis  estimated  surface  winds 
of  30  kt  tip  m/sec).  This  prompted  the  initial 
warning  at  01000QZ  on  Judy,  as  a  30  kt  (15  m/sec) 
tropical  depression.  Witnin  twenty-four  hours.  Judy 
was  upgraded  tc  tropical  storm  intensity  based  on  the 
aircraft  reconnaissance  data. 

The  initial  forecasts  called  for  Judy  to  track 
west-northwestward.  Due  to  the  uncertainty  of  the 
position  of  the  ridge  axis  and  its  strength  over  the 
data  sparse  Philippine  Sea,  400  mb  synoptic  tracks 
were  flown  on  the  2nd  and  3rd  of  February  to  help 
define  the  mid-level  flow  north  of  Judy.  Data  from 
these  flights  confirmed  the  presence  of  the  east-west 
orientation  of  the  ridge  axis  and  indicated  a 
weakness  in  the  ridge  along  130  degrees  East 
Longitude  with  strong  westerly  mid-level  flow  north 
of  16  degrees  North  Latitude.  With  the  above 
information  and  mindful  of  a  similar  synoptic  pattern 
associated  with  Typhoon  Hope  in  December  1985,  JT\C 


altered  the  forecast  to  reflect  Initial  northward 
movement  followed  by  recurvatune  toward  the 
northeast.  As  with  Typnoon  Hope  (1985),  Judy  was 
expected  to  undergo  a  rapid  extratropical  transition 
with  a  drastic  decrease  in  intensity  and  no 
significant  eastward  movement.  The  dynamic  forecast 
guidance  proved  of  no  assistance  in  this  regard 
apparently  due  to  the  strongly  sheared/barocl Inic 
environment . 

Juay  slowed  slightly  as  it  approached  tne  riage 
near  131  degrees  East  Longitude  early  on  3  February. 
Continuing  to  intensify,  the  system  tracked  north 
briefly  before  turning  northeast.  Judy  reached  its 
maximum  intensity  of  85  kt  (44  m/s)  with  a  MSLP  of 
974  mb  at  050000Z  (see  Figure  3-OL-2).  As  it 
reached  maximum  intensity,  Judy  also  came  under  tne 
influence  of  strong  mid-latitude  westerlies.  By 
060000Z,  Judy's  convection  had  been  sheared  away  and 
extratropical  transition  was  complete.  The  nearly 
convective  free  low-level  circulation  drifted  slowly 
east-northeast  and  dissipated.  No  deaths,  injuries 
or  property  damage  were  attributed  to  Typhoon  Judy. 
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Figure  .1-01-2  Typhoon  Jut  lx  near  maximum  intensity 
(050120/.  February  l)MSF  visual  imagery ) 


TYPHOON  KEU  (02W) 


Typhoon  Ken,  the  second  tropical  cyclone  of 
1986,  was  also  the  first  tropical  cyclone  to  develop 
in  the  western  North  Pacific  in  April  during  the  past 
five  years.  After  the  formation  of  Ken,  two  tropical 
systems  quickly  followed  in  May. 

During  late  April,  the  near-equatorial  trough 
was  quite  active  with  enhanced  convective  activity 
from  the  southern  Philippine  Islands  to  the  region 
south  of  Truk  near  the  equator.  Embedded  within  this 
trough  was  the  tropical  disturbance  that  eventually 
intensified  into  typhoon  Ken.  At  200600Z,  it  was 
mentioned  on  the  Significant  Tropical  Weather 
Advisory  (ABPW  PGTW)  for  the  first  time.  No  surface 
circulation  was  present,  only  convergent  flow  at  the 
low  levels.  Synoptic  data  on  21  April  indicated  a 
weak  surface  circulation  5^0  nm  (1000  km)  south  of 
Guam.  The  associated  convection  increased  in  amount 
and  organization  through  the  23rd.  Analysis  of 
satellite  imagery  showed  continued  development  and 
winds  were  estimated  at  20  kt  (10  m/sec).  As  a 
result,  JTV/C  issued  a  Tropical  Cyclone  Formation 
Alert  (TCFA)  at  240730Z. 


The  first  aircraft  reconnaissance  investigative 
mission  was  conducted  the  following  day.  It  located 
a  weak  circulation  center  at  5000  ft  (15 24  m)  250  ran 
( 463  km)  southeast  of  Yap.  Estimated  surface  winds 
were  10  to  25  kt  (5  to  13  m/sec).  These  data,  plus 
satellite  imagery,  prccpted  JTVC  to  reissue  the  TCFA 
at  250730Z. 

A  second  aircraft  reconnaissance  investigative 
mission  was  conducted  on  the  morning  of  the  26th  and 
was  again  unable  to  locate  a  surface  circulation. 
Instead,  a  broad  area  of  troughing  was  observed  at 
the  surface  with  the  maximum  low-level  winds  of  25  to 
30  kt  (13  to  15  m/sec)  within  the  convection  banding 
in  the  northeast  quadrant  of  the  disturbance. 
Satellite  data  indicated  the  tpper-level  circulation 
center  existed  90  nm  (167  km)  to  the  east-southeast 
of  Yap  (Figure  3-02-1).  Based  on  that  information, 
the  third  TCFA  was  issued  at  260730Z. 

The  first  warning  on  Ken  was  issued  at  261900Z 
after  satellite  imagery  showed  a  significant  increase 
in  the  central  convection  and  the  development  of  a 
conma-shaped  cloud  pattern.  Surface  winds  were 


ADMIRALTY  ISLAND. 


Figure  3-02-1 .  Typhoon  Ken  at  the  time  the  third 
TCFA  was  issued  The  aircraft  reconnaissance 
investigative  mission  into  the  disturbance  two  hours 
earlier  was  unable  to  find  a  surface  circulation  (2605007. 
April  NOAA  visual  imagery). 


estimated  at  35  kt  ( 18  m/sec).  Ken  reached  typhoon 
intensity  on  the  27th.  Aircraft  reconnaissance 
penetration  of  the  system  revealed  a  compact  surface 
circulation,  a  mininum  sea-level  pressure  (MSLP)  of 
960  mb,  and  an  elliptical  eye  (oriented  east-west). 
Peripheral  aircraft  data  showed  the  stronger  surface 
winds  of  30  to  50  kt  (15  to  26  m/sec)  in  the  northern 
semicircle  in  contrast  to  15  to  20  kt  (8  to  10  m/sec) 
in  the  southern  semicircle.  This  resulted  from  the 
higher  pressure  gradient  between  Ken's  low  pressure 
center  and  the  subtropical  ridge.  As  gradual 
intensification  took  place,  the  forecast  track  for 
Ken  became  more  northerly  based  on  the  expected 
influence  of  the  mid-latitude  trough  on  the  mid-level 
subtropical  ridge  and  the  general  tendency  oi 
intensifying  tropical  cyclones  to  move  into  higher 
latitudes.  By  281800Z,  after  the  trough  passed 
eastward  from  Japan,  the  subtropical  ridge 
reintensified  across  the  northern  Philippine  Sea, 
forcing  Ken  to  move  westward. 

Ken's  intensity  peaked  at  90  kt  (46  m/sec)  on 
the  28th.  Satellite  imagery  showed  the  system 
remained  coopact  with  a  slight  east-west  elongation 
of  the  central  dense  overcast  and  an  eye  which  was 
obscured  by  high  cirrus.  Oi  the  29th,  Ken  began  to 


weaken  significantly.  Aircraft  reconnaissance 
reports  indicated  that  the  700  mb  center  was 
displaced  20  nm  (37  km)  northeast  of  the  surface 
center  due  to  increased  shearing  flow  aloft  from  the 
southwest.  Throughout  the  next  day,  both  aircraft 
and  satellite  reconnaissance  found  an  exposed 
low-level  circulation  center.  Since  the  ipper-level 
circulation  center  wa3  now  displaced  170  nm  (315  km) 
to  the  northeast  of  the  low-level  circulation  (Figure 
3-02-2),  the  last  warning,  valid  at  0300Z  on  the 
first  of  May,  was  issued.  Stripped  of  its  deep 
central  convection,  the  residual  low-level  cyclonic 
vorticity  drifted  westward  and  dissipated  over  water 
by  the  3rd. 

No  reports  of  damage  or  injuries  were  attributed 
to  Ken.  Of  interest,  Ken's  proximity  to  Guam  and 
slow  movement  caused  official  concern  because  of  the 
scheduled  refueling  stop  of  Air  Force  One  at  Andersen 
AFB.  Oice  the  tropical  cyclone's  track  changed  to 
west  late  on  28  April,  serious  worries  were  removed. 
In  summary,  forecasting  direction  changes  for  slow 
moving  tropical  cyclones  is  usually  difficult  -  Ken 
wa3  no  exception.  JTVC's  ability  to  correctly 
forecast  slow  movement  along  the  track  resulted  in  a 
good  product  and  excellent  statistics. 


Figure  3-02-2.  Typhoon  Ken  during  its  final  stage 
Note  the  large  070  nm  {315  km})  displacement  between 
the  exposed  low- level  circulation  and  the  upper  level 
circulation  (302/337.  April  DMSP  visual  imagers  ) 
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example,  experienced  ^carnage  from  winds  of  4j  Kt  w. . 
m/sec,  with  gusts  to  OC  Kt  m/seo ;  or.  M.ay 

associated  witn  severe  thunderstorms. 

At  that  time  Lola  was  just  a  tropical 
disturbance  bo  nm  ( *m;  northwest  o  f  "Ituk  in: 
received  mention  on  the  Significant  irupicai  Weather 
Advisory  (ABPW  PuTW)  Decause  c  f  its  persistent 
cloudiness.  Within  24-hours,  seu-ievel  pressure, 
dropped  throughout  the  monsoon  trough  as  4  j 
increased  m  organization  (see  Figure  Truro*- 


events  prompted  the  issuance  of  a  oropiea.  Cyclone 
Formation  Alert  ;*UFA/  va.U  it  lo'C^du.’..  A :  rcr-if  t 
:  vccrjuissar.ce  scneouiec  to  investigate  the 
disturbance  it  that  time  turned  txiOK  to  juot.  la*-  t. 
tne  loss  of  hydraulic  fluid.  A  second  XV A  was 
issued  it  lo  In  ;>Jf  wnen  Lah  i  moved  o  .tside  jf  tn- 
licit  »rt*i .  Che  first  w^rTiir*’  or:  Tropical  jepr^ss  ion 
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s .it c*li te  imagery  .Figure  j-o.'-o-.  inc  syr.opt  i  _•  data 
tn.it  cl-uriy  indic.at-o  a  closed  circulation.  An 
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aeri.sl  r»  wnni  issar.ee  investigative  mission  later' 
that  Iriy  ,I*.:oeVe:vd  winds  of  4 J  Kt  Id  1  m/SeC;  at  tne 
surf  .ii v  arid  ,t!.  estimated  mini  mart  sea-leve*  pressure 
\  L..r 1 ,  of  ^3.  ir.O .  uOi'i  was  subsequently  'upppr'ade  l  t  - 
t r *op i ca  1  o t or n.  with  t he  secu r . d  warning,  vj*i:  it 
1'JuoJf.  bue  to  its  proximity  t„  Porinpei,  Lo.a 
jju.'.td  extensive  .* airtime  to  the  is .and;  most*/  c ue  t^ 
!\  coding  and  :ugn  winds.  Authorities  there  claime: 
it  was  the  worst  battening  Pohnpei  had  suffered  m 
the  past  on  years  since  ‘lypnoon  Opne*ia  1. ; . 
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By  early  morning  on  the  18th,  Lola  was  already 
at  typhoon  intensity  (see  Figure  3—03 — ) •  Initial 
interpretation  of  data  from  the  second  synoptic  track 
mission  flown  along  18  degrees  North  Latitude 
determined  there  were  no  obvious  breaks  in  the  ridge 
north  of  Lola  (Figure  3-03-5).  thus  the  forecast  took 
Lola  northward  initially,  and  then  westward  under  the 
ridge.  (Upon  closer  inspection  of  the  500  mb  data, 
there  is  cyclonic  turning  at  the  western  portion  of 
the  track.  This  implies  a  weakness  in  the 
subtropical  ridge  slightly  north  of  the  track  and 
near  150  degrees  East  Longitude.)  By  late  afternoon, 
Lola's  intensity  had  increased  to  75  kt  (40  m/sec) 


and  an  eye  became  clearly  visible  on  satellite 
imagery.  A  third  synoptic  track,  flown  the  next  cby 
(19  May),  again  along  18  degrees  North  Latitude, 
still  did  not  find  any  breaks  in  the  subtropical 
ridge  and  the  forecast  appeared  to  be  right  on  track. 
However.  Lola  was  only  two  days  away  and  all  of  Guam 
worried  that  this  might  be  a  repeat  of  Super  Typhoon 
Pamela  (1976).  JIVC's  warning  on  the  morning  of  the 
19th  indicated  Lola  would  become  a  3uper  typhoon  (see 
Figure  3-03-6).  A  three  fix  mission  was  flown  into 
Typhoon  Lola  that  morning  to  determine  the  rate  at 
which  it  was  intensifying.  The  results  confirmed  the 
worst  -  explosive  deepening. 
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Lola  became  a  super  typhoon  at  130  kt  107  m/sec) 
and  was  forecast  to  intensify  even  more  as  it  neared 
Guam.  A  fourtn  synoptic  track  mission  was  sent  out 
on  GO  May  to  locate  any  weakness  in  the  subtropical 
ridge.  The  data  snowed  the  ridge  at  400  mb  displaced 
south  and  west  across  tne  path  of  Lola  with  a  strong 
zone  of  mid-level  divergence  stretching  from  Guam 


through  the  northern  Mananas  (Figure  3-03-7).  The 
forecast  philosophy  changed  to  a  recurvature  track 
rather  than  keeping  the  track  toward  the 
west-northwest.  The  intensity  estimates  indicated 
Lola  had  peaked  at  191800Z  at  150  kt  (77  m/sec)  arid 
was  now  decreasing  (see  Figure  3-03-8).  Aircraft 
reconnaissance  that  night  (20  May)  confirmed  this 


fact  as  the  700  mb  heights  also  increased 
dramatically.  Figures  3-03-9  and  3-03-10  show  Lola 
weakening  and  becoming  extratropical .  Extratropical 
transition  was  completed  on  23  May. 

In  retrospect,  the  early  forecasts  followed  the 
Nested  Tropical  Cyclone  Model  (NTOI)  too  long  during 
Lola's  development  and  took  the  system  toward  the 
Marianas.  Fortunately,  JTWC  made  the  right  decision 


later  to  follow  the  One-way  Interactive  Tropical 
Cyclone  Model  (0TCM)  and  curved  Lola  toward  the 
northeast  before  any  major  efforts  had  to  be  made  to 
sortie  ships  and  evacuate  aircraft  from  tne  military 
bases  on  Guam  (closest  point  of  approach  to  Guam  was 
1105  nm  (750  km)  to  the  northeast).  However,  the 
statistical  damage  had  already  been  done  and  the 
overall  forecast  performance  was  only  fair. 
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TOOPICAL  STOFM  MAC  (0*4W) 


Mac,  from  Inception,  was  a  "classic"  monsoon 
depression  -  slew  to  develop,  difficult  to  position 
and  forecast.  As  Super  Typhoon  Lola  (03W)  was 
developing  east  of  Guam,  the  precursor  of  Mac  spawned 
in  the  monsoon  trough  in  the  South  China  Sea. 

On  May  20th,  the  Significant  Tropical  Weather 
Advisory  (ABPW  PGTIW)  mentioned  a  poorly  defined  area 
of  convection  in  the  monsoon  trough,  which  was 
located  over  water  and  paralleled  the  southern  coast 


of  mainland  China.  Estimated  maximum  sustained 
surface  winds  of  20  kt  (10  m/sec)  and  a  minimum 
sea-level  pressure  (MSLP)  of  998  mb  were  present. 
After  several  false  starts,  the  organizing  convection 
separated  from  the  maximum  cloudiness  zone  and  a 
Tropical  Cyclone  Formation  Alert  was  issued  for  the 
disturbance,  at  230JW0Z,  as  It  passed  south  of  Hong 
Kong.  The  first  warning  was  issued  or  Tropical  Storm 
Mac  (Figure  3—04—1 )  at  250000Z  as  development 


continued.  Mac  moved  south  of  Taiwan  and  changed  depression  an  the  28th. 

course  toward  the  north-northeast  as  its  intensity  By  May  29th,  Mac's  low-level  circulation  center 
peaked  at  45  kt  (23  m/sec).  At  270900Z,  Mac  appeared  was  partially  exposed  (Figure  3-04-2).  The  last 
to  become  almost  quas i-stat ionary .  However,  warning  was  issued  at  291200Z  as  Mac  began 
acceleration  and  an  eastward  movement  conmenced  by  dissipating  over  water  arid  redevelopment  appeared 
28O0OOZ.  Mac  also  weakened  due  to  increased  vertical  less  likely  due  to  the  persistent  strong  veitic.il 
shear  and  was,  as  a  result,  downgraded  to  a  tropical  wind  shear. 


hi^ure  3-04-2  Mac’s  partially  exposed  low-level 
circulation  center  as  seen  six  hours  before  the  last 
warning  was  issued  (240330/.  May  S'OAA  visual 
imagery) 


TYPHOON  NANO  '.dsW.' 


For  the  first  five  months  of  1460.  the  western 
North  Pacific  averaged  less  than  one  tropical  cyclone 
per  month.  Nancy  was  the  fifth  tropical  cyclone  in 
the  western  North  pacific,  but  the  first  of  the  what 
Is  generally  considered  the  sinmer  typhoon  season. 
After  Typhoon  Nancy,  tne  summer  season  was  ir.  full 
swing. 

The  Significant  Tropical  weather  Advisory  ,AbPW 
POIV.,  or.  1  ,’OoOdZ  June  mentioned  .in  area  of  broad, 
disorganized  convection  whicn  was  developing  IJu  rut 
\222  Km'  southeast  of  Pohnpei .  This  area  moved 
rapidly  westward  for  the  next  two  .lays,  tnen  sloweii 
and  began  to  consolidate.  By  191200Z,  an  established 
cirrus  outflow  pattern,  restricted  to  the  northwest 
by  ar.  .pper-ievel  cold  low  540  rm  U000  xm)  northwest 
of  3uam.  was  detected  on  satellite  imagery.  Initial 
DvoraK  intensity  analysis  of  the  cloud  pattern 
estimated  surface  winds  of  less  than  2b  Kt  ill 
m/seci.  At  ZlOjyOZ,  a  Tropical  Cyclone  Formation 
Alert  vlXTFA)  was  issued  for  the  area.  Within  hours 
the  convective  curvature  improved  and  the  211600Z 


fVeruK  intensity  estimit"-  in".,  iti-d  wills  f 
,  1*,  m/sec’.  -vised  on  these  l.d  i,  *  ne  first  warmirg 
for  Ifoplcil  depression  J'-W  wis  1  .sU'-d  a*  .'lliojJ. 

Aircraft  rev.-unnaisaance  mt.  f"p  i  . .  d * x 
jnW  at  .  JoOUi.d  reported  maximum:  .  •  wir.is  ■  uO 

Kt  ,  rl  .Tb  :lee  ,  llsplaced  .1  r  J7.  ■  i  Km,  .-act  -southeast 

of  the  center  of  trie  system.  Aircraft  reconria :  ss.it.  .e 
also  observed  a  level  oping  eyewal.  that  Was  open  of. 
the  west  through  north  quair  *r.ts .  As  i  tv., . *  ,  tne 
.  .OOuOZ  warning  upgraded  Tropical  1  .‘press ur.  js'w  to 
Tropical  stormi  Nancy.  dess  than  . ’4 -hours  after  the 
upgrading  to  tropical  storm,  it. tensity,  Nancy  was 
upgraded  to  typhoon  intensity.  In  retrospect, 
analyses  of  aircraft  reconnaissance  data  and 
intensity  trends  indicate  that  tropical  storm 
intensity  was  most  probably  attained  at  2115G0Z,  not 
.V’JOOOZ . 

IYirougfiout  this  period  of  development,  Nancy 
.Figure  j-05-1/  moved  toward  tne  northwest  under  the 
steering  influence  of  the  subtropical  ridge  to  the 
north.  Nearing  the  subtropical  ridge  axis  on  23 


Figure  .1-05-1  Typhoon  Nancy  approaching  the  island 
nf  Taman  The  mountainous  spine  of  the  island  is 
visible  to  the  north  of  the  tropical  cyclone  t222 1 15/  June 
DMSP  visual  imagery/ 


Uunt,  trie  tropical  cyclore  a3suned  a  more  northerly  of  Taiwan,  Nancy's  intensity  peaked  at  (SO  kt  (41 

course.  for  the  next  24-hours  aircraft  m/sec).  TTie  mix  imam  surfaoe  wind  reported  frxin 

reeonria issance  data  was  unavailable  due  to  the  close  Taiwan  was  o3  kt  (32  m/sec). 

prcx mi . y  of  land  and  airspace  restrictions.  Radar  Continuing  to  move  northward  across  the  Last 

w.gure  .'-On-?:  and  satellite  (Figure  3— OS— 3 1  reports  China  Sea,  Nancy  began  Interacting  with  a  trough  in 

were  particularly  valuable  during  this  time.  'ITiese  the  polar  westerlies.  Idie  shape  of  the  tropical 

iigurvs.  which  were  taxer,  within  cne  half  hour  of  cyclone  became  elongated  a?  the  low-level  circulation 

each  other,  provide  stnxingly  different  remotely  center  separated  from  the  upper-level  and  the  central 

sensed  presentations  of  the  eye.  The  radar  detects  convection  decreased.  At  that  time,  Typhoon  Nancy 

.he  ericirc.irg  rainbands,  that  are  embedded  In  the  was  downgraded  to  a  tropical  3tortn. 

wtou^s,  ;;  -  satellite  sees  the  cold  top  of  the  Later,  aircraft  reconnaissance  at  242141Z  was 

centra .  dense  overcast  as  concentric  patterns  of  gray  unable  to  locate  a  low-level  circulation  center  due 

snade.  cost  pr.or  to  making  contact  with  the  island  to  airspace  restrictions;  however  the  peripheral  data 


Afe  *7*/  eJ; .  -kj t(£ p ?  £ 


Figure  3-05-2.  The  eye  of  Typhoon  Nancy  as  seen  by 
radar  from  Hualien.  Taiwan  (WMO  46699)  at  23I400Z 
June  ( Photograph  courtesy  of  Central  Weather  Bureau. 
Taipei.  Taiwan) 


proved  most  valuable  and  indicated  the  low-level 

center  was  displaced  at  least  oO  nm  (111  km) 

northwest  of  the  241300Z  warning  position.  This 
warning  position  had  been  extrapolated  from  the 
previous  warning.  Unfortunately,  the  241200Z  warning 
was  based  on  a  low  confidenoe  nighttime  position  from 
infrared  satellite  imagery  that  was  suspect,  since 
Nancy  was  undergoing  extratropical  transition.  Tlae 
amended  241300Z  warning,  which  followed  inmediately 
and  was  based  on  aircraft  reconnaissance  data, 
correctly  forecast  Nancy's  movement  through  the 
Korea  Straits  instead  of  over  the  island  of  Kyushu. 
Japan.  By  that  time  increased  vertical  wind  snear 


and  entrained  cooler,  drier  air  had  taken  their  toll 
on  the  tropical  cyclone.  Nancy  continued  ’  move 
rapidly  northeastward  through  tne  Korea  Strait  and 
maintained  the  strongest  low-level  winds  m  the 
southeast  semicircle.  Southern  K  urea  rvce,  vm 
torrential  rains,  which  inundated  22,4/7  acres  .  r.ou 
hectares)  of  farmland.  Twelve  people  were  reported 
dead  or  missing,  as  a  result  of  the  flooding. 

Satellite  analysis  early  on  2b  June  indicated 
extratropical  transition  had  occurred  in  the  Sea  of 
Japan.  The  system  was  finalled  on  the  JbObuuZ 
warning  as  the  residual  low  pressure  area  swept 
eastward  across  northern  Honshu  12-hours  later. 


Figure  3-05-3  Specially  enhanced  infrared  image  of 
Typhoon  Nancy's  eye  The  gray  shading,  which  is  used 
in  conjunction  with  the  Dvorak  enhanced  infrared 
technique,  can  provide  an  estimate  of  the  intensity  of  the 
tropical  cyclone  (23I428Z  June  DMSP  infrared 
imagery) 
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TOPICAL  STORM  OWai  (06W) 


hi  gure  3  <#>  l  tropical  Storm  <  Inert  had  a  long  history  as  a  disturbance  It  was  first  noted  as  a 
suspect  area  on  the  Significant  Tropical  H  eather  Advisory  lABPW  PGTH'i  at  OttOOZ  on  the  2 Is!  of 
June  As  the  system  became  more  organized,  us  t  me  nun  increased  This  prompted  the  issuance 
of  a  Tropical  Cvctone  Formation  Alert  at  27IB(X)Z  when  it  was  west  of  Guam  in  the  Philippine 
Sea  Based  on  aircraft  reconnaissance  reports  (2723257.)  of  30  kt  IIS  msec  I  maximum  sustained 
winds  and  a  minimum  sea  level  pressure  of  1001  mb.  JTVr’C  began  warning  on  the  system  at 
2SIM.HXIZ  On  the  2Vth.  Owen  reached  its  maximum  intensity  of  50  kt  1 2 6  mlsec).  As  Owen 
moved  northwestward  around  the  periphery  of  the  subtropical  ridge,  it  came  into  an  area  of 
increased  vertical  shear  This  resulted  i n  the  deep  convection  becoming  displaced  toward  the 
west  southwest  Bv  the  2nd  of  July,  it  had  lost  its  tropical  characteristics  and  dissipated  over 
water  The  imagers  shows  Owen's  exposed  low-level  circulation  center  during  the  system's 
weakening  phase  (30010BZ  June  DMSP  visual  imagery) 
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SUPEB  TYPHOON  PEGGY  (07V) 


Peggy  was  Che  second  super  typhoon  of  the  1986 
WE3TPAC  season.  With  the  help  of  the  Theta-E 
intensity  forecast  technique,  Intensity  errors  were 
kept  to  a  minimum.  In  contrast,  forecast  track 
problems  arose  due  to  erroneous  guidance  from  the 
Dne-way  Interactive  Tropical  Cyclone  Model  (OTCM) 
which  had  a  consistent  northward  bias  at  72-hours. 

During  the  latter  part  of  June,  the  low-level, 
low-latitude  tropical  easterlies  between  the  eastern 
Caroline  Islands  and  the  International  Dateline  were 
weaker  than  normal.  In  this  area  between  the  equator 
and  10  North  Latitude,  the  light  and  variable  winds, 
in  conjunction  with  the  tropical  easterlies  to  the 
north,  formed  a  vortex  600  nm  (1111  km)  east  of 
Kwajaieir.  Atoll  in  the  Marshall  Islands.  It  was 
first  mentioned  on  the  270600Z  June  Significant 
Tropical  Weather  Advisory  (ABPW  PGTV)  after  satellite 
imagery  showed  persistent  convection  had  developed. 
Ihe  circulation  moved  west-northwestward  for  six  days 
before  reaching  tropical  storm  intensity  (36  kt  (18 
msec))  360  nm  (b48  km)  east  of  Guam.  Hiroughout 
this  period  the  cloud  signature  caused  heightened 


concern  for  Guam,  however  aircraft  reconnaissance 
flights  did  not  locate  any  supporting  strong  winds. 
At  030000Z  July,  JTVC  issued  its  first  warning  on 
Tropical  Depression  07W  based  on  maximum  winds  of  25 
kt  (13  m/sec)  from  synoptic  reports  and  the  potential 
for  intensification  near  Guam.  Twelve  hours  later 
Peggy  was  upgraded  to  a  tropical  storm,  when  aircraft 
reconnaissance  found  a  band  of  35  kt  (18  m/sec) 
surface  winds  displaced  20-40  nm  (37-74  km)  northwest 
of  the  vortex  center. 

Continuing  to  move  west-northwestward,  Peggy 
passed  58  nm  (107  km)  north  of  Guam  at  040700Z.  Peak 
winds  experienced  on  Guam  were  28  kt  (14  m/sec)  with 
gusts  to  48  kt  (25  m/sec).  There  was  limited  damage 
to  Guam,  restricted  primarily  to  power  poles  and 
crops.  The  islands  of  Rota,  Tinian  and  Saipan 
experienced  more  extensive  damage  -  primarily  to 
crops. 

During  the  period  042352Z  to  062040Z,  Peggy's 
mean  sea-level  pressure  (MSLP)  dropped  frem  973  mb  to 
900  mb  -  a  decrease  of  73  mb.  This  corresponds  to  a 
drop  of  approximately  1.6  mb/hour  which  is  classified 
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Figure  .<07-2  A  graph  of  the  difference  between  the 
actual  best  track  intensities  and  the  24-hour  forecast 
intensities  before  and  after  JTWC  knew  the  sea-level 
pressure  and  The  tad'-  line  intersected  < reference  Figure 
.1-07-1  > 


as  rapid  deepening  (Holliday  and  Thompson,  19791. 
The  rate  or  deepening  does  not  meet  the  2.5  mb/hour 
criterion  used  to  deTine  explosive  deepening.  As 
mentioned  earlier,  JTVC  was  able  to  significantly 
decrease  forecast  intensity  errors,  with  the  guidance 
provided  by  Theta-E  intensity  forecast  technique 
(Dunnavan,  1981).  The  technique  uses  equivalent 
potential  temperature  (Theta-E),  calculated  frcm 
aircraft  recon  700  rt£>  temperature  and  dew  point 
reports,  as  a  measure  of  the  tropical  cyclone's 
thermodynamic  energy.  When  the  plots  of  Theta-E  and 
MSLP  intersect  near  the  critical  values  of  950  mb  and 
360  degrees  Kelvin,  central  pressure  can  be  expected 
to  drop  to  below  925  mb.  Figure  3-07-1  shows  the 
plot  of  Peggy's  Theta-E  and  MSLP  values  during  the 
period  042050Z  to  O8O856Z.  The  intersection  point  is 
at  050800Z.  The  graph  of  the  24-hour  forecast 
intensity  (Figure  3-07-2)  demonstrates  the  difference 
before  and  after  the  knowledge  of  the  Theta-E 
crossing.  The  average  24-hour  forecast  intensity 
error  before  050600Z  (the  first  foreknowledge  or 
increased  potential  for  explosive  or  rapid  deepening) 
was  16  kt  (8  m/sec).  The  average  24-hour  forecast 
intensity  error  after  050600Z  was  5  kt  (3  m/sec). 
With  regard  to  48-hour  forecast  intensities,  only  one 
warning  benefited  because  two  days  after  050600Z, 
Super  Typhoon  Peggy's  intensity  peaked  at  140  kt  (72 
m/3ee). 

Figure  3-07-3  shows  Super  Typhoon  Peggy  at  its 
maximum  intensity.  Peggy  remained  on  the 
west-northwestward  track  and  slammed  into  northern 
Luzon  at  082200Z  with  95  kt  (49  m/sec)  surface  winds. 
Newspaper  accounts  of  Peggy’s  fury  reported 
ninety-three  people  died,  16  were  missing,  over 
116,000  families  were  homeless,  and  damage  was 
estimated  at  2.5  million  dollars.  Most  of  this 
damage,  primarily  to  crops  and  villages,  was  the 
result  of  torrential  rain.  Also,  two  people  lost 
their  lives  in  southern  Taiwan. 


Figure  3-07-3  Super  Typhoon  Peggy  at  maximum 
intensity  of  140  kt  (72  mlsec)  (062I20Z  July  DMSP 
visual  imagery  courtesy  of  H  and  HS  Weather,  MCAS 
Futenma) 
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Figure  3-07-4.  Plot  of  OTCM  guidance  through 
72-hours  for  each  twelve  hour  period.  Note  the 
continuous  northward  bias  from  the  loci  of  initial  points. 


Figure  3-07 -5  The  400  mb  Numerical  Variational 
Analysts  (NY A)  for  07I200Z  July  with  Peggy's 
position  The  effect  of  the  subtropical  ridge  can  be 
implied  from  the  plot  of  the  final  best  track. 


After  crossing  northern  Luzon  and  moving  Into 
the  South  China  Sea,  Peggy  continued  to  slowly 
weaken.  It  made  landfall  over  southern  China  80  ran 
(148  km)  east  of  Hong  Kong  at  110200Z  with  an 
Intensity  of  55  kt  (28  m/sec)  Widespread  flooding 
resulted  across  southern  China  and  over  200  people 
were  reported  dead. 

The  track  forecasts  frcm  the  first  warning 
through  the  21st  warning  (at  080000Z)  repeatedly 
called  for  a  more  northerly  track  than  was  observed. 
Guidance  from  the  OTCM  hinted  at  recurvature  (Figure 
3-07-4).  Initially  the  NOGAPS  prognoses,  021200Z  to 
060000Z,  indicated  slow  weakening  of  the  subtropical 
ridge  poleward  of  Peggy.  However,  frcm  061200Z 
through  120000Z  the  NOGAPS  prognoses  reversed  this 
trend  and  began  slow  ridge  building.  Although  NOGAPS 
suggested  a  stronger  subtropical  ridge,  guidance  fran 
OTCM  persistently  called  for  a  more  northerly  track. 
The  400  mb  NVA  analysis  at  071200Z  (Figure  3-07-5) 
shows  the  location  of  the  ridge  and  Peggy's  ultimate 
track. 


TYPHOON  HDGtB  (08W) 


Typhoon  Roger  was  Initially  enhanced  by  a 
Tropical  Upper-Tropospheric  Trough  (WIT)  cell  as 
described  by  Sadler  (1976).  On  4  July  1986,  as 
Typhoon  Peggy  was  moving  toward  the  west,  away  frcm 
Guam,  a  WIT  cell  was  observed  moving 
west-northwestward  from  a  location  780  ron  (1445  km) 
east  of  Wake  Island.  The  wel  1 -developed  WTT  cell 
and  its  associated  convection  continued  this  movement 
for  the  next  five  days.  By  8  July,  a  tropical 
disturbance  had  developed  from  this  area  of 
convection  about  30  run  (56  km)  southwest  of  Enewetak 
Atol  1 .  It  persisted  into  the  next  day  when  it  was 
included  in  the  Significant  Tropical  Weather  Advisory 
(ABPW  PCTTW)  for  the  first  time.  Initially,  Roger 
showed  little  potential  for  development  into  a 
tropical  disturbance.  Over  the  next  two  days. 


however,  the  convective  area  became  more  organized  as 
cross-equatorial  westerlies  converged  with  the 
tradewind  easterlies  at  low-levels  and  an  anticyclone 
formed  aloft. 

The  divergent  upper-level  flow  southeast  of  the 
WIT  cell  continued  to  provide  a  favorable 
environment  for  the  tropical  disturbance  to  develop 
slowly  during  the  next  three  and  a  half  days.  A 
Tropical  Cyclone  Formation  Alert  (TCFA)  was  issued 
for  the  system  at  110717Z.  Satellite  imagery  (Figure 
3-08-1)  at  120024Z  July  shows  the  tropical 
depression.  The  first  warning  was  Issued  at  130000Z, 
because  the  system  continued  to  Increase  in 
convective  organization  and  a  minimum  sea-level 
pressure  of  999  mb  was  observed  by  aircraft 
reconnr  ssanoe  at  12224 5Z. 


Figure  3-08-1.  Roger  as  a  tropical  depression.  Note 
the  effect  of  the  TUTT  cell  north-west  of  the  depression 
which  causes  a  deformation  and  enhancement  of  the 
cirrus  outflow  pattern  to  the  southeast  ( 120024Z  July 
DMSP  visual  imagery) 


EXiring  all  stages  of  development,  Typhoon  Roger 
remained  small  In  size.  Aerial  Reconnaissance 
Weather  Officers  flying  into  Roger  consistently 
reported  the  diameter  of  the  light  and  variable 
surface  wind  center  as  1  nm  (2  km)  to  4  nm  (7  km). 
Figure  3-08-2  shows  Roger's  small  eye  and  central 
oonvectlve  mass. 

JTVC  accurately  forecast  Roger's  track  and  point 
of  recurvature.  Roger  moved  west-northwestward  while 
south  of  the  700  mb  subtropical  ridge;  then 
northward,  and  later  northeastward  as  it  recurved 
around  the  western  end  of  the  ridge.  Figure  3-08-3 
shows  the  location  and  orientation  of  the  subtropical 
ridge  as  reflected  in  the  700  mb  data  on  131200Z 
July.  The  guidance  from  the  Che-way  Interactive 
Tropical  Cyclone  Model  (OTCM),  JTXC's  primary 
forecast  aid,  was  generally  good  although  the  model 
repeatedly  suggested  a  tighter  recurvature  track  at 
the  24-hour  point  (approximately  180  nm  (333  km) 
farther  to  the  east)  than  was  actually  observed. 
Figure  3-08-4  is  a  plot  of  the  initial  and  24-hour 
points  from  the  OTCM  showing  this  bias  toward  the 
east. 


Figure  3-08-3.  The  700  mb  Wind  Analysis  on 
131200/  July  showing  location  and  orientation  of  the 
subtropical  ridge  that  influenced  Roger's  movement 
The  dashed  line  shows  Typhoon  Roger's  eventual  track 


Figure  3  08  2  Typhoon  Roger  near  maximum 
intensity  A  small  eye  is  present  in  the  central  convective 
mass  1130/04/  July  DMSP  visual  imagery ) 
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TOPICAL  STOW  SARAH  (09W) 


Hie  summer  monsoon  was  well  established  and  had 
stronger  than  normal  low-level  westerlies  from  the 
Caroline  to  the  Marshall  Islands  by  mid-July.  From 
the  21st  of  July  onward,  the  conditions  were  ripe  for 
cyclogenesis.  After  daily  mention  in  the  Significant 
Tropical  Weather  Advisory  (ABPW  PCTIX)  and  several 
false  alarms,  a  Tropical  Cyclone  Formation  Alert 
(TCFA)  was  issued  for  a  rapidly  developing  area  of 
convection  in  the  Philippine  Sea  420  nm  (778  km) 
north  of  Belau. 

The  aircraft  reconnaissance  flight  investigating 
this  disturbed  area  at  300152Z  located  a  weak, 
low-level  circulation  center  with  maximum  surface 
winds  of  18  kt  (9  m/sec)  and  a  minimum  sea-level 
pressure  (MSLP)  of  1001  mb.  The  first  warning  for 
Tropical  Depression  09W  followed  at  301200Z  as 
convection  and  winds  increased  on  the  south  side  of 
the  vortex. 

Subsequent  intensification  of  this  system  was 
masked  from  satellite  imagery  by  the  heightened 
convective  activity  in  the  monsoonal  westerlies. 


Aircraft  reconnaissance  into  the  tropical  cyclone  at 
311328Z  found  40  kt  (21  m/sec)  surface  winds,  which 
prompted  the  upgrade  to  Tropical  Storm  Sarah.  [Airing 
this  period,  the  tropical  cyclone's 
west-northwestward  movement  slowed  and  the  system, 
which  appeared  to  be  fol  lowing  an  under-the-rldge 
scenario,  continued  to  consolidate. 

Later  aircraft  reconnaissance  at  31L2138Z  and 
010009Z  confirmed  the  slowing  trend  and  the  Aerial 
Reconnaissance  Weather  Officer  (ARVO)  reported  that 
multiple  circulation  centers  might  be  present. 
Additionally,  the  AKWO  estimated  the  ring  of  maximum 
surface  winds  as  nearly  synmetrlcal  with  slightly 
weaker  winds  in  the  northern  semicircle  displaced  20 
to  60  nm  (32  to  96  km)  from  the  center. 

As  Sarah  moved  closer  to  the  island  of  Luzon,  it 
became  increasingly  more  difficult  to  locate  the 
circulation  center.  The  major  convective  area 
shifted  to  the  northwest  quadrant  (see  Figure 
3-09-1).  Aircraft  reconnaissance  at  011300Z  (Figure 
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/  i^ure  V  (N  l  "Where  i.v  Sarah  '  That  was  the  question 
when  this  intake  was  received  The  trend  frnm  previous 
satellite  imagery  was  for  the  deep  convection  to  continue 
westward  movement  across  northern  Luzon  appears  to 
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Figure  3-09-2.  A  plot  of  the  0I1300Z  August  aircraft 
reconnaissance  mission  around  northern  Luzon.  These 
data  imply  that  the  low-level  circulation  in  the  monsoon 
trough  li  e..  Sarah)  may  have  remained  in  the  Philippine 
Sea 


3-09 -2)  flew  around  northern  Luzon  and  detected  only 
broadscale  northeasterly  flow  without  a  trace  of  a 
low-level  circulation  center.  These  northeasterly 
winds  should  have  provided  a  valuable  clue  as  to  the 
location  of  Sarah.  (In  retrospect,  it  took  more  than 
24-hours  to  get  the  forecast  back  on  the  right 
track.)  In  the  Interim,  the  persistent  deep 
cloudiness  across  northern  Luzon  as  viewed  by  the 
meteorological  satellite  imagery  implied  that  Sarah 
was  continuing  Into  the  South  China  Sea  and  towards 
mainland  China.  The  dynamic  guidance  provided  by 
Nested  Tropical  Cyclone  Model  (WTCM)  and  One-Way 
Interactive  Tropical  Cyclone  Model  (OTCM)  endorsed 
this  movement  Into  the  South  China  Sea. 

Again,  aircraft  reconnaissance  between  0121D0Z 
and  020000Z  was  unable  to  locate  a  Sarah.  This  time 
the  flight  was  west  of  Luzcn  in  the  South  China  Sea. 
An  aircraft  mission  previously  scheduled  to 
Investigate  a  TCPA  area  northeast  of  Luzon,  however, 
did  find  Sarah  In  the  Philippine  Sea.  Satellite 
Imagery  after  0L21Q0Z  also  showed  a  reorganlzatlcr  of 
deep  convection  east  of  Luzon.  This  resulted  In  a 
relocation  and  an  abrupt  change  in  forecast 
philosophy.  No  longer  was  Sarah  following  the 
under- the- ridge  scenario  into  the  South  China  Sea, 


but  now  was  moving  northeastward  (Figure  3—09—3 ) • 

After  030600Z  August,  Sarah  started  accelerating 
toward  the  northeast  in  response  to  Increasing 
westerly  wind  flow  aloft.  By  050000Z,  the  system 
moved  to  a  position  east  of  the  Island  of  Honshu  and 
transitioned  to  an  extratropical  cyclone. 

Reanaly3es  of  aircraft,  satellite,  radar  and 
conventional  data  after-the-fact  revealed  the 
following.  As  Sarah  approached  northern  Luzon,  the 
upper-level  circulation  center  became  displaced  frcm 
the  low-level  center  and  moved  across  the  mountainous 
terrain  of  the  island  and  dissipated  in  the  South 
China  Sea.  The  residual  low-level  vortex,  which  was 
weak  and  difficult  to  locate,  remained  east  of  Luzcn 
in  the  active  monsoon  trough.  The  monsoon  trough 
changed  its  orientation  gradually  from  east -west  to 
northeast-southwest,  as  Sarah  reintenslf led  and  moved 
northeastward.  The  aircraft  mission  at  011300Z 
(Figure  3-09-2)  was  a  key  piece  of  data  In 
reconstructing  what  happened  in  this  difficult 
situation.  The  broad  northeasterly  flow  across 
northern  Luzon  implied  that  Sarah  remained  in  the 
Philippine  Sea  and  was  masked  by  the  monsoon  trough 
and  vigorous  convection  closeby. 
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Figure  3-W-3.  Plots  of  the  forecast  tracks  for  Sarah 
Note  the  abrupt  change  between  warnings  1 1  and  IS 
The  difficulty  in  locating  the  low- level  circulation  center 
and  understanding  the  changing  synoptic  situation 
prolonged  the  time  (warnings  9  through  14)  it  look  to  get 
the  forecasts  back  on  the  right  track 
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TYPHOONS  GfcUHGtTTK  U1E.  and  ;  1  P  Hut.) 


1'ypnooris  Georgette  and  III  provided  one  of  trie 
tu re  intriguing  forecasting  opportunities  of  ’-Me  I98o 
wester;.  Nortn  Pacific  Trop'ica.  Season  for  JTYH'  as 
tr.e/  circled  one  another  in  a  complex  binary 

interaction.  Georgette  was  j  rare  tropical  cyclone 
which  traveled  from  the  eastern  North  Pacific  region 
across  the  central  region  and  became  a  typhoon  m  trie 
western,  region  ( see  Figure  c  — 10 — 1  >  -  During  its 
two-week  lifespan  Georgette  traveled  nearly  S.bOG  rm 

,  1 .  ,  • "  1  iCT.j  . 

Typhoon  Georgette  nad  an  interesting  early 
history.  It  began  as  a  tropical  disturbance  in  the 
eastern  North  Pacific  i.oOO  nm  (2,9t>3  km) 
south-southwest  of  Los  Angeles  on  August  Grid  and 

initially  moved  westward.  Idle  Naval  Western 

Oceanography  Center  located  in  Pearl  Harbor.  Hawaii 

issued  a  Tropical  Cyclone  Formation  Alert  (TCKA)  on 
the  system  at  0207002  after  observing  convective 
bar. is  or.  satellite  imagery.  Later  that  same  day,  at 
1- OoCOC ,  the  Eastern  pacific  Hui'ricane  Center  CHPHC), 
.coated  in  San  Francisco,  issued  the  first  advisory 
or.  Tropical  Depression  HE.  The  system  was  upgraded 
to  Tropical  Storm  Georgette  HIE)  on  the  fourth 


advisory  it  OilbOOT.,  thu;  downgraded  to  a  tropical 
Jeprts'si  or.  again  ori  the  fifth  through  seventh 
advisories  wfieri  a  decrease  was  noticed  lri  ttie  amount 
of  convective  organization.  It  was  upgraded  once 
more  to  >  tropica,  storm  ori  the  eightn  advisory  arid 
then  finally  downgraded  for  the  last  time  and 
forecast  to  dissipate  over  water  ori  the  ninth 
advisory  as  it  passed  south  of  Hawaii.  The  Central 
Pacific  Hurricane  Center  (CPHC)  issued  the  sixth 
through  ninth  advisories  after  Georgette  had  moved 
into  the  central  North  Pacific.  A  total  of  nine 
advisories  were  Issued  or;  Georgette  by  EPHC  arid  CPHC 
combined.  All  nine  corresponding  tropical  cyclone 
warnings  for  the  Department  of  Defense  customer's  were 
issued  by  the  Naval  Western  Oceanography  Center. 

Georgette  maintained  its  identity  as  a  tropical 
disturbance  after  the  final  downgrade  and  was  tracked 
by  JTVC  before  it  crossed  the  dateline.  It  was  first 
mentioned  at  071500Z  on  the  Significant  Tropical 
Weather  Advisory  (ABPW  PCTIVI)  as  a  20  kt  (10  m/sec) 
disturbance  *420  nm  (778  km)  southwest  of  Johnston 
Island.  It  crossed  the  dateline  on  8  August  while 
moving  on  a  northwestward  trajectory. 


a  •*.  *.  •  • 
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7TVG  issued  a  TUFA  on  regenerated  Tropical  Storm 
orgette  iUt-1  at  090130Z  based  on  analysis  of 
te.lite  imagery  which  showed  improved  organization. 

Tew  hours  later,  JTViC  followed  with  its  first 
:’.irg  ,#1J  or.  the  Systran),  valid  at  090O00Z,  when 
crgeite  re-developed  a  central  dense  overcast. 

l>:e  urcraft  reconnaissance  investigative 
ssioj.  ;ntc  Georgette  on  Id  August  at  0044Z 
s covered  winds  of  4L  xt  idy  m/sec)  and  a  minimLim 
a- level  pi'essure  ,MSLP 1  of  990  mb.  Georgette 
ntlr-.ued  to  develop  over  the  next  18-hours  reaching 


minimal  typhoon  status  by  101800Z.  Aircraft 
reconnaissance  confirmed  this  at  1021J5Z,  reporting 
estimated  maximum  surface  winds  of  65  kt  (33  m/sec) 
and  a  MSLP  of  973  mb. 

Georgette  remained  a  typhoon  for  36-hours, 
slowed  In  forward  speed,  and  reverted  to  a  tropical 
storm  again  after  120000Z  (see  Figure  3-10-2).  This 
was  apparently  due  to  the  proximity  of  a  Tropical 
Upper-Tropospheric  Trough  oell  to  the  north  and 
Increased  vertical  shear. 
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Figure  3-10-3.  Georgette  just  after  passing  within  30 
nm  (56  km)  to  the  north  of  Wake  Island  Upper-level 
shear  on  the  system  from  the  west  has  exposed  the 
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tow-level  center.  Tip,  located  to  the  west-southwest  of 
Georgette,  was  just  a  few  hours  away  from  the  first 
warning  (1303582  August  DMSP  visual  imagery). 
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Figure  3-10-4  Tropical  Storm  Tip  as  it  became  the 
dominant  ssstem  Georgette  was  still  a  minimal  tropical 
storm  and  its  exposed  low  level  (enter  wits  visible  as  it 
circled  counter/  loi  kw  ise  abnut  Tip  (1422W/-  August 
DMSP  visual  inuigery  i 
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Degan  early  on  9  August  as  a  tropical 


.j i cturhunee  loo  4  ted  P*  o  r itt;  ■. 4oj.  ids  j  ruout nwest.  ot  WuKe 
Inline.  r he  ii-->tarbaree  was  pi-.iCtM  or.  trie  ABPW  PGI'W 
ty  "IV.;  after  it  persisted  for  a  lay  on  satellite 
imagery .  Trie  first  PPrA  was  issued  at  IIJM^OZ  on  Tip 
jn  u.  a  i  rcraf t  reconnaissance  invest l gat l  ve 
mission  trial  found  a  low-level  circulation  Center 
wit:,  maximum.  winds  of  PU  to  ^0  Kt  v i 0  to  PI  m/secj. 
Ihe  strongest  winds  were  or.  the  north  side-  of  the 
circulation  associated  with  the  maximum  pressure 
gradient .  The  MSLP  was  1001  mb. 

The  secorid  TCFA  was  issued  the  next  day  •.  iP 
August)  when  aircraft  reconnaissance  did  not  find  a 
closed  circulation  center  but  only  a  broad  surface 
pressure  trough  with  a  MSLP  of  998  mb.  No 
substantial  winds  were  noted  and  the  system  appeared 
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to  be  quasl-statlonary,  perhaps  due  to  its  proximity 
to  Georgette. 

The  third  TCFA  was  issued  on  13  August  without 
new  aircraft  reconnaissance  information  due  to  the 
lack  of  available  recomaissance  assets.  Later, 
after  an  aircraft  reconnaissance  investigative 
mission  found  winds  of  50  kt  (26  m/sec)  and  a  MSLP  of 
967  mb,  JTVC  issued  its  first  warning  on  Tip,  valid 
at  130600Z.  The  same  aircraft  also  fixed  Georgette 
160  nm  (296  km)  northwest  of  Wake  Island  (see  Figure 
3-10-3).  The  two  tropical  cyclones  were  450  nm  (833 
km)  apart  at  this  time.  At  131800Z,  they  were  only 
separated  by  400  nm  (741  km)  and  it  appeared  that  Tip 
was  capturing  the  low-level  inflow  of  Georgette  and 
was  becoming  more  intense. 

A  binary  interaction  occurred  between  Georgette 
and  Tip  with  Georgette  tracking  west-northwestward 
and  circling  around  Tip  in  a  counterclockwise  motion 
(see  Figure  3-10-6).  Initially,  Tip  was  moving  very 
slowly  in  the  same  direction,  but  it  eventually  did  a 
small  counterclockwise  loop.  Tip  benefited  fran 


Georgette '3  passage  to  the  north  because  it  acted  as 
a  shield  fran  the  unfavorable  upper-level  shearing 
effect  of  the  strong  westerlies  aloft.  Removing  the 
translational  motion  and  plotting  the  relative  motion 
of  the  two  systems  about  the  centroid  of  their 
midpoints  (Figure  3-10-7)  verifies  the  unary 
interaction  as  tne  pair  circled  one  another  ir.  a 
broad  elliptical  path. 

During  the  latter  part  of  the  binary 
interaction,  as  Tip  was  moving  north-northwestward, 
it  increased  in  intensity  and  in  the  process  passed 
over  Mlnami  Tori  Shima  (formerly  Marcus  Island!.  At 
160600Z,  Tip  peaked  with  80  kt  (41  m/sec),  then 
turned  to  the  right  on  the  17th  and  headed  off  toward 
the  northeast  (see  Figure  3-10-8). 

Tip  transitioned  to  an  extratropical  cyclone  on 
the  19th  (see  Figure  3-10-9)  and  eventually 
dissipated  (4  days  later)  east  of  Japan.  JTVC  issued 
it3  final  warning  on  the  system  at  190600Z.  No 
reports  of  damage  or  fatalities  were  received  on 
the3e  two  tropical  cyclones. 
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TYPHOON  VERA  U1W) 


Typhoon  Vera  was  another-  classic  "monsoon 
depression"  .see  Tropical  Storm  Sarah  (09W))  which 
forms!  in  the  most  intense  and  extensive  monsoon 
trough  in  the  western  North  Pacific  since  1974. 
Locating  and  forecasting  the  initial  phases  of  Vera 
.from  14  to  IS  August  i960)  within  this  extensive 
trough  presented  unique  problems  for  Jnwc.  Vera  was 
relocated  several  times  witnin  the  monsoon  trough  as 
the  low-level  flow  attempted  to  stabilize  around  one 
circulation  center.  In  post  analysis,  it  was 
Jeteranned  that  Vera  was  actually  two  systems:  the 
first  .Vera  #1)  stabilized  only  briefly,  reached 
tropical  storm  intensity  then  dissipated  In  the 
central  Philippine  Sea;  the  second  (Vera  #P)  formed 
at  tne  northeast  periphery  of  the  monsoon  trough, 
ever  -bO  nm  .oo’  icm  from  Vera  #1,  developed  slowly 
arid  reached  typhoon  intensity  before  crossing  Okinawa 
and  the  .".-rear,  peninsula.  The  problems  ir:  locating 


and  forecasting  Vera’s  low-level  circulation  .enter 
were  exacerbated  by  limited  aircraft  availability 
(due  to  other  nigh  priority  missions  for  W.  -1  JO 
aircraft  and  multiple  tasmrg  problem,  with  Typhuoris 
Tip  (10W;  and  Georgette  .lit:;,.,  sparse  synoptic  Vita 
and  inconclusive  satellite  lntgery. 

Vera  #1  developed  on  the  heels  of  two  typhoons, 
Tip  (10U)  and  Georgette  (lit).  Cxi  U  August, 
Georgette  (lit;  was  movirg  west -northwestward  and  was 
located  to  the  southeast  of  Wake  Island.  The  or. set 
of  the  intense  and  extensive  munsooc.  truugh 
associated  with  Georgette's  inflow  regiur.  was  first 
noticed  at  that  time,  as  southwesterly  gradient  winds 
of  near  JO  kt  (lb  m/sec.  were  observed  at  Yap  WML 
9l4lj),  Truk  (WMU  'yljH4J  and  Puhnpei  ;WML  so4g,. 
Georgette  (HP;  was  positioned  at  the  easterri  erxl  of 
tms  trough  (Figure  4—11  —  1  > ,  which  extended  from  the 
Philippine  Islands  to  the  latellrie.  'ft*-  onset  of  the 
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monsoon  trough.  The  analysis  (Figure  3-11-6,'  was 

12-hours  prior  to  the  formation  of  Vera  #2  that  wa s 
(perhaps  mistakenly)  maintained  as  Vera  after  being 
relocated  more  than  3o0  no  (067  km)  to  the 

east -northeast .  The  satellite  data  prompted  tne 

first  warning  on  Vera  #2  at  1712002.  The  dramatic 

relocation  was  verified  at  18071OZ,  when  the  first 
aircraft  reconnaissance  fix  position  in  over  jO -hours 
(Figure  3-11-7)  confirmed  the  presence  of  tne  sO  Kt 
(26  m/sec)  system  embedded  in  the  monsoon  trough. 

The  sudden  and  dranBtle  formation  of  Vera  #. 
caused  many  problems  for  the  fleet  customers  as  well 
as  for  the  forecasters.  Ir.  essence,  Vera  #1  riad  been 
forecast  to  move  slowly  toward  the  west -northwest  for 
three  days  when  the  relocation  occurred,  placing  tne 
system  3b0  nm  (0b7  km)  to  the  east -northeast  in  a  six 
hour  period.  Confusing  and  conflicting  satellite 
imagery  provided  little  Insight  into  the  location  of 
the  system  during  these  stages.  At  171200Z,  Vera 
was  at  tropical  depression  intensity  and  movirg 
slowly  northward.  For  the  next  tnree  days,  Vera  12 
Intensified  slowly,  moving  erratically  at  first,  and 
then  slowly  eastward  within  the  monsoon  trough.  The 
Intense  trough  was  again  asserting  Its  influence  of. 
the  system's  track,  as  the  remnants  of  lip  i  10W , 
provided  the  "anchor"  at  tne  eastern  end  of  the 
monsoonal  flow.  Vera  #2  continued  to  move  eastward 
with  the  monsoon  west-southwesterl le3  until  tne  22nd, 
when  It  slowed  and  began  to  track  northward. 

The  synoptic  situation  governing  Vera  #2’s 
movement  began  to  change  on  the  21st,  when  a  smail 
surface  ridge  appeared  to  be  building  to  the  north  of 
Vera  #2.  This  ridge  continued  to  build,  helped 
perhaps  by  Increasing  ipper-level  convergence  to  the 
east-northeast  of  Vera  #2,  enhancing  subsidence  in 
the  upper  troposphere  and  ridging  at  the  surface. 

Between  220000Z  and  221200Z,  Vera  #2  turned 
northward,  and  then  westward,  as  the  low-  to 
mid-level  ridge  became  firmly  established  to  the 
north.  TT»e  shift  in  the  steerlr®  flow  is  evident  in 
the  change  in  the  700  mb  Numerical  Variational 


Analysis  (NVA;  strvan.llne  analysis  between  cdOULuZ 
and  2, '12002.  .Figures  j-ii-d  and  5-.I-1..  Apparently, 

the  mid-leve,  trough  associattM  witr,  tin  ! 

Tip  ( IdW 1  bad  completely  disappeared  by  ..Mr  ir. : 

was  replaced  by  r ldgirig  northeast  of  Ver  a  ».  .  9. : 

n.lge  provided  the  steerirg  flow  or.t : ,  Von  #.  ’ 
recurvature  or.  .  '  August.  Vera  I  rea 'MM  1 1- 

maximum  intensity  of  11..  Kt  .  vV  tr./  ■ ;  ar.d  M  : 

923  mb  or.  2.  August,  just  prior  t...  tirv.rrg  widw.i.": 

toward  Okinawa. 

Vera  #.  continued  to  move  wenl-nurtriweatwa:  : 
“'non;  the  22rx!  through  tne  20th,  pass i  rg  direct  *y  .  v.-j 
the  island  of  Jkir.awa  late  on  tire  d'.lri  r  i g  > 

3-li-iU,  .  (ii*-  forecast  nac,  provided  those  ._,r.  *  i :  ,a  wn 

with  00 -hours  ..!  warning  before  Uie  closest  point 
approach  VrA  oc-urred.  A.  1  aircraft  and  snipe  r.ad 
beer,  evacuateii,  -  riled,  .r  secured  i  erg  lad  r.  ,er  a 
#v  hit  witr.  mix imurr.  lustaincd  wir.ds  .over'  water'  ,f 
•36  kt  rr./sec,. 

IYm  rveurvat  ire  -it.:  extratropi ra 1  trar.s:  ’  ; .  n 

phase  _f  Vera  '  s  track  began  or;  2t  August.  Jp  f 

reaching  the  west  err.  periphery  of  the  subtropical 

ridge,  Vera  #.  's  mt  vwment  had  slowed  '  _  ,  k> 

km/ nr ,  and,  turned  riort  r, westward  at  approx  i male  ,y 
230030.1.  Vera  #.  t  urried  hurt  hward  at  about  .  VJa  .,.’ 
arid  passed  lo...  nn.  .  a.  krr,  east  ■■('  .llianghal  1.. -hour's 
later.  After  passirg,  east  .1  .'.hangfia  1 ,  Vera  f .  begar 
to  accelerate  riortn-r.  jrtneastwar" .  By  t.he  .31.'.,  trie 
tropical  cyclone  had  lost  its  ourmecti  m  with  the 

low-level  morimciria  i  wester. ;es  irid  weakened  be  Kt 
ijl  m/sec, .  Figure  '-li-.l  shows  Vera  I.  just  pr.ur 
to  landfall  near  Kansan  Ar‘,  Hepubl  l  c  of  K.r-ea,  witr  a 
large  cirrus  shield  to  trie  north  of  trie  exp  set 
low-level  clreulat  lor.,  iruli  alive  a  trnjf  •  i  a. 

cyclone  tr.iri3ltlor.irg,  into  ar,  extratropl  al  syst  err.. 
Vera  #2  cleared  trie  Kuranr.  peninsula  a*  ,  .CiFoOV.  w.'t. 
an  intensity  of  on.y  a*,  at  .23  m,  .«•«:  continue': 
ic-celera*  irg  northeastward.  1'  m  ."'e: 

cxtratroplcai  transition  at  ."»iOC.i  ir  tne  lea  A 
Japan . 


ir.  .ldditier:  to  the  problems  of  finding  and 
forecast  lrg  the  initial  low- level  center,  Vera  #1? 
caused  considerable  damage  and  loss  of  life.  It 
Severely  iiTpaotec  civilian  shipping  and  mi  1 1  id  17 
operations  at  sea.  Okinawa,  m  contrast ,  because  of 
the  early  warning  provided,  experienced  only  slight 
lATkige;  mostly  to  power  lines  for  private  names.  One 
fisherman  was  Killed.  Kader.a  A b  rv corded  peak  wind 
gusts  of  ?*«  Kt  1*43  si/ sec;.  high  seas,  however, 
p.aced  several  snips  at  sea  lr.  distress.  In 
fhar-gnui ,  sever,  people  were  Killed  and  08  injured 
wr.er.  '.era  9  S'  passed  loJ  nir.  \09b  Kir.;  east  of  the  city, 
l^e  New  Ohma  News  Agency  VNCNA/  reported  more  than 
*-v.  r.ora?s  were:  destroyed  and  j.OOG  emergency  workers 
werv  recalled  tc  restore  electrical  supplies  and  to 
-r.s.re  diKes  along  the  Huangpu  river  and  the  coast 
were  secure.  NONA  also  reported  that  more  than  3,000 


vessels  sought  shelter  as  Vera  approached.  Jr;  trie 
Island  of  Cheju,  houses  were  destroyed,  leaving  Jo 
people  homeless.  In  South  Korea,  six  people  were 
killed  and  over  one  million  dollars  worth  of  damage 
was  reported.  rrhe  most  extensive  damage  to  U.S. 
military  facilities  was  reported  at  Taegu  A T,  where 
more  than  7J  trees  were  felled  ana  power  lines  were 
■downed.  The  roofs  of  several  buildings  were  blown 
away. 

In  retrospect,  Vera  underscores  the  difficulty 
of  positioning  and  forecasting  tropical  cyclones  that 
form  in  strong  morisoonal  troughs.  In  addition,  tne 
eastward  movement  of  Vera  ic  for  three  days  was  a/, 
interesting  anomaly  that  was  perhaps  influenced  by 
the  intense  monsoon  trough  that  extended  throughout 
the  entire  western  North  Pacific  for  most  of  August. 


Figure  1  II  II  Vera  M2  in  the  beginning  stages  of 
exjratropical  transition  just  prun  m  landfall  near  Funs  an 
Afi  Republic  <>f  Korea  i2ROh2l/  August  Vr )  A  A  vi  sual 
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TYPHOON  WAYNK  UA') 


Typhoon  Wayne  was  one  of  trie  longest-lived 
ropioa.  cyclones  m  the  Jo-year  history  of  the  Joint 
ypncor.  Warning  Jen  ter  iJTVrfC).  Wayne  had  morv 
a  it.  mgs  ■. o 7 j  issued  on  it  than  any  other  tropical 
ycicr*4  of  L9co.  Another  unusual  fact  concern  mg 
\proon  Wayne  was  that  it  never  fuiiy  emerged  from 
he  "er.socr.  trough.  Due  to  its  highly  i  typical 
r;Cn.,  Wayne  caustvl  significant  forxvast i:g  problems 

wayr.e  was  a  small  system  tn.it  remained  in  the 
ortnerr.  oeutr.  Ji ir.a  sea  and  trie  western  Phi *  ippme 
e.i  throughout  its  entire  life.  Its  best  traCK 
n  n ades  three  loops  and  a  figure*  eight.  *o  further 
■vrp.  ic ate  matter's ,  Wayne  also  dissipated  and  then 
egenerattAi  while  still  over'  tropical  waters. 

During  tne  middle  of  August,  the  monsoon  trough 
,vs  well  established  m  the  western  North  Pacific  and 
r.e  Joutn  China  Sea.  Between  It?  and  20  degrees  North 
atitude,  it  extended  from  central  Vietnam  eastward 
o  Waxe  Island.  Stronger  than  normal  low- level 
esterlies  equatorward  of  the  trough  axis  were 


character ist lo  of  the  rriunsoon  trough  throughout  the 
month  of  August  arc!  into  early  September.  North  of 
the  rr<o nsoor.  trough ,  the  subtropical  ridge  was  also 
we  1 1  estub  1  i  shed . 

Or.  August  1*  th,  a  :3Tm1  i  area  of  persistent 
convect lor.  moved  westward  across  tne  island  of  Luzon 
into  tne  .south  ..’.hi ha  Sea.  Cynoptic  data  at  IpOOOOZ 
and  iblJOOZ  indicated  a  surface  circulatiori  with  20 
Kt  v  10  m/sec)  wm.  is  and  a  minimum  sea -level  pressure 
v mU> )  of  10 jJ  mb.  Ihese  data  prompted  JIV/C  to 
reissue  the  Jigni f leant  Tropical  Weather  Advisory 
.ABPW  PCIV /  at  lhJlvjOZ.  over-  tne  next  two  to  three 
days,  the  disturbance  moved  southwestward  and 
increased  i.n  organization.  Three  Tropical  Cyclone 
Fermat ior:  Alerts  vdJrAs)  were  issued  at  0400Z  on  the 
loth,  17 th  ar.d  iotri  of  August  tc  advise  customers  of 
tne  good  potential  for  development  of  a  significant 
tropical  eye i one  in  tne  area. 

After*  rvceivirg  aircraft  reconnaissance  reports 
of  40  Kt  ui  m/sec ;  and  a  MSLP  of  98 1  mb  at  18072 4 Z 
v Figurv  ;:-ll-w,  tne  first  warnirig  was  issued  on 


f-ifu'r  '  12  I  Air,  riifi  rt',  <‘nrum\anre  investigative 
mi\u>>n  •  ait'ii  numrnum  \urfih  t'  Kinds  ,>f  40  ki  (21 
m  \fi  ,  <jnd  it  minimum  \t\i  It’srl  pressure  <>f  mh  at 
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Figure  .1-12-2  V-'a\ne  shortly  before  the  aircraft 
reconnaissance  mission  (Figure  .1-12-1)  and  first 
warning  1 1 St)b2HZ  August  NOAA  visual  imagery). 
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<t  two  days,  tne  synoptic  scale 
rifted  tc  the  north  about  five 
respo ruled  by  mcvirig.  r.ortnwestwjrd 
-  *t  this  period  of  position 
i  i  >*v  :1  .-pment  bro  .'v,t  Wayr:e  to 
at  i  .  MeaP'WT  l.e,  a  we-iri 


mid- Latitude  trough  began  to  deepen  and  move  eastwan 
across  mainland  China  toward  the  Past  China  Sea.  A' 
200000Z,  this  trough,  and  associated  front,  exttnde; 
across  the  Yellow  Sea  southward  to  the  southeast 
coast  of  China.  Also,  at  200000Z,  Wayne  assumed  ' 
northeastward  track  towards  Hong  Kong  arid  the  30 ut: 
coast  of  mainland  China.  Hong,  Kong’s  radar,  a' 
202 10H  2  ?  1000  mIi  Hong  Kong  1  oca  1  t  ime )  d  ig  1  ta  1  1 ' 


digitally  depicted  the  ra inbands  surrounding  the  eye 
(Figure  3-12-3)  as  Wayne  passed  to  the  south  and 
east.  Another  view  shows  the  eye  of  the  typhoon  as 
it  was  remotely  sensed,  five-hours  later,  450  nm  (833 
km)  from  space  (Figure  3-12-4).  Cn  22  August, 
Typhoon  Wayne  moved  northeastward  across  northern 
Taiwan  and  weakened  to  tropical  storm  intensity  after 
Interacting  with  Taiwan's  rugged  mountains.  In  the 
meantime,  Typhoon  Vera  (11W)  had  become  the  dominant 
system  in  the  Philippine  Sea  and  began  moving  rapidly 
toward  the  west-northwest.  Oh  the  24th,  Wayne  had 
moved  rapidly  west-southwestward  and  through  the 
Luzon  Strait  (for  the  first  time)  in  response  to  the 


northeasterly  steering  flow  associated  with  the 
subtropical  ridge.  As  Vera  (11W)  approached,  Wayne 
decreased  significantly  in  intensity  and  central 
convection.  Increased  vertical  shear  and  subsidence 
associated  with  Vera  (UW)  stripped  Wayne  of  its 
supporting  oentral  convection.  As  a  result,  only  a 
small  low-level  exposed  circulation  center  remained. 
A  final  warning  on  Wayne  was  Issued  at  250600Z,  but 
TIWC  continued  to  monitor  the  disturbance  for 
possible  redevelopment. 

As  Vera  (11W)  moved  northward  (261200Z),  the 
remains  of  Wayne  became  entrained  in  Vera's  extensive 
low-level  Inflow  and  began  to  move  east-northeastward 


II 


Figure 3- 12-5.  The  271200Z  August  1986  Surface 
Synoptic  Chart.  Note  the  30  kt  (IS  mlsec)  and  40  kt  (21 
mJsec)  ship  reports  associated  with  Wayne. 


10S*S.  110  116  1*0*  111*1 


for  the  second  time.  The  271200Z  surface  analysis 
(Figure  3-12-5)  showed  a  MSLP  of  998  mb,  30  Kt  (15 
m/sec)  ship  reports,  and  40  kt  (21  m/sec)  ship 
reports  -  indications  that  Wayne  had  regenerated. 
These  synoptic  data,  coupled  with  supporting 
satellite  reconnaissance  inputs,  proopted  JTWC  to 
begin  issuing  warnings  again  cn  Tropical  Storm  Wayne 
at  280000Z.  Wayne  headed  northeastward  through  the 
Luzon  Strait  for  the  secorP  time. 

By  31  August,  low-  to  mid-level  ridging  built 
back  across  the  East  China  Sea  in  Vera's  (11W)  wake. 
Wayne's  movement  toward  the  northeast  slowed  and 
changed  toward  the  southwest  -  back  through  the  Luzon 
Strait  on  the  2nd  of  September  for  the  third  time! 
After  301200Z,  and  until  051800Z,  Wayne  maintained 
typhoon  intensity  (Figure  3—12—6 ) .  Once  through  the 
strait,  the  typhoon  accelerated  westward.  As  it 
moved  away  from  Luzon,  Wayne  reached  its  peak 
Intensity  of  90  kt  (46  m/sec)  at  040000Z.  Wayne  then 
moved  south  of  Hong  Kong,  north  of  the  island  of 
Hainan  and  across  the  northern  Gulf  of  Tonkin  before 
dissipating  over  land  over  soutnem  China.  JTWC 
Issued  its  final  warning  at  060600Z. 

As  a  result  of  Typhoon  Wayne,  52  people  were 
reported  killed  and  97  people  were  reported  injured 
in  Taiwan.  On  Luzon,  19  people  were  reported  killed 
and  hundreds  of  people  were  reported  injured.  in 
Vietnam,  dozens  of  people  were  reported  killed  in 
addition  to  the  hundreds  reported  injured.  In  total, 
tens  of  thousands  of  people  were  left  homeless  and 
millions  of  dollars  worth  of  damages  were  sustained 
to  crops  and  property  due  to  torrential  rain  induced 
flooding  and  hign  winds.  In  summary,  Wayne  was  an 
extremely  long-lived,  complex,  difficult  to  forecast 
"midget"  typhoon  that  struck  Taiwan  twice,  transited 
the  Luzon  Strait  three  times,  caused  extensive  damage 
and  1033  of  life,  and  proved  to  be  one  for  the  record 
books. 


Figure  3-12-6.  Wayne  at  typhoon  intensity  southeast  of 
Taiwan  as  seen  by  the  Hualien  radar  (WMO  46699)  at 
3012007.  August  (Photograph  courtesy  of  the  Central 
Weather  Bureau.  Taipei.  Taiwan). 
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TYPHOON  ABBY  (13«) 


Typhoon  Abby  developed  In  low  latitudes  from  a 
Croad  area  of  convection,  moved  northwestward  and 
eventually  recurved  around  the  subtropical  ridge. 
While  In  Its  formative  stage,  Abby  gave  Indications 
that  it  might  develop  rapidly,  however,  It  caused 
little.  If  any,  damage  when  it  passed  within  30  ran 
(56  tan)  south-southwest  of  Guam.  Later  as  a  typhoon, 
It  Inflicted  heavy  damage  and  loss  of  life  on  the 
island  of  Taiwan. 

During  the  end  of  August  and  beginning  of 
September,  the  monsoon  trough  extended  eastward  from 
Its  normal  position  along  20  degrees  North  Latitude 
between  140  and  180  degrees  East  Longitude.  This 
displacement,  coupled  with  mean  pressures  two 
millibars  below  normal  In  the  monsoon  trough  and 
higher  than  normal  pressures  to  the  south  (in  the 
Tasman  Sea).  resulted  in  stronger  surface 
near-equatorial  westerlies  from  New  Guinea  eastward 
into  the  Gilbert  Islands.  This  increased  low-level 
westerly  flow,  along  with  enhanced  convection,  raised 
the  potential  for  tropical  cyclone  genesis  within  the 
monsoon  trough.  These  factors,  plus  low  vertical 
wirxl  shear  (Figure  3-13-1)  associated  with  an  area  of 
persistent  convection  southwest  of  Truk,  prompted 
mention  on  the  091930Z  Significant  Tropical  Weather 
Advisory  (ABPW  PGTW) .  For  three  days  this  area  of 
cloudiness  continued  to  develop  slowly  as  it  drifted 
toward  the  northwest.  Daylight  aircraft 
reconnaissance  on  the  10th,  11th  and  12th  of 
September  found  only  broad  surface  trough  ing,  mini  mm 
sea-level  pressures  of  1006  mb  and  20  to  25  kt  (10  to 
13  m/sec)  surface  winds. 


09  SEPTEMBER  1200Z 


2 SOmb  NVA  WINDS  — A 

S25mb  NVA  WINDS  — \ 

Figure  3-13-1 .  Differences  between  the  925  mb  and 
250  mb  NVA  winds  on  091200Z  September  define  an 
area  of  low  vertical  wind  shear  favorable  for  tropical 
cyclogenesis.  Solid  lines  indicate  925  mb  winds;  dashed 
lines  indicate  250  mb  winds. 
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O  -  ISLAND  STATIONS 

Figure3  13-2  I30000Z  September  1986  surface I 

gradient-level  streamline  analysis  showing  synoptic 
reports  which  prompted  the  first  warning  on  Typhoon 
Abby 


Hit*  1 30000/.  surface /grad lent -level  atr'eaml  lne  Uie  east  .vcif-ii  por*  1 .  >  r  1  <A'  raiw.ir.  ,  Kigur**-  •  .  •, 

analysts  included  one  JS  Kt  (16  m/aee)  snip  report  ,  with  HU  *i  m/  :*'• : :  surface  win. is  t-..fT>*r.t  1 ,11 

one  3U  kt  1 1*)  m/3eej  ship  rvport ,  one  33  kt  v  I  /  rains.  As  a  result,  is  peepu*  werv  Killed;  r<j\,  *r .  : 

m/sec)  gradient -level  wind  report  ami  indicated  that  property  donuge  were  est  mited  at  -ii  rr.il  1  1  ii  loi  1  ir •  . 

a  nUntmm  sea-level  pressure  of  100*:  mb  was  ’typhoon  Abby  decr>ja;>ed  :ugr:i  f  it  nr  it  1  y 

associated  with  the  system  (Figure  5-1  j-t').  Based  on  intensity  following  its  collision  with  l.nwar..  Iru* 

this  information,  the  first  warning  was  issued  at  upper-level  circulation  traveled  across  the  i.-l.md 

1306002,  wh  lcn  located  Tropical  Depression  i  jW  120  m  while  the  low-level  circulation  moved  up  ttie  island1:. 

(222  Km)  southeast  of  uuam.  During  this  early  east  coast.  Without  the  ipper-levcl  -'ircul.it i-jr.  .ml 

period,  Abby  was  a  large  disturbance,  which  lacked  a  supporting  convection,  the  low-level  vortex  weakened 

pereistait  oentral  dense  overcast  (CUO)  (Figure  and  accelerated  toward  the  north-northeast.  At 

3-13-3).  Beginning  at  140oOOZ,  however,  Abby  began  201200Z,  the  final  warning  was  issued  c-ri  Abby  as  it 

to  develop  Its  CDG.  IVteive  to  eighteen  hours  later,  dissipated  over  the  East  China  Sea. 

when  the  CIX>  feature  became  firmly  established,  Abby  In  retrospect,  as  Abby  approached  Taiwan  and 

slowed  Its  forward  notion  and  intensified.  As  a  recurved  there  were  some  data  collection  problems, 

point  of  Interest,  the  band  of  maxtmjn  flight-level  Aircraft  reconnaissance  data  to  airport  warnings  was 

winds  was  displaced  70  to  120  run  (130  to  2 22  km)  fran  limited  due  to  reduced  aircraft  availability,  the 

the  700  mb  center  on  16  September  (Figure  3—13—4 ) -  proximity  of  the  no-fly  line  and  the  rugged  island 

Abby  reached  Its  maxiram  Intensity  of  95  Kt  (49  topography.  Determining  the  initial  position  of  Abby 

m/sec,  at  181200Z.  Twelve  hours  later.  It  swept  past  was  ccnplicated  as  a  result. 


r.  I'  * 


Figure  3  ! 3-3.  Tropical  Depression  I3W  without  a 
persistent  central  dense  overcast  (13QS0H7.  September 
NOAA  visual  imagery).  The  wow  lines  in  the  imagerv 
are  due  to  temporary  problems  with  the  tat  in  al  sites 
processing  equipment 


Figure  3-13-4.  In-flight  700  mb  winds  from  aircraft 
reconnaissance  on  16  September  1986.  Note  the 
stronger  winds  are  displaced  outward  from  the  center  in 
a  band  by  approximately  70  to  120  nm  (130  to  222  km). 
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Figure  3-13-5  Radar  view  of  Typhoon  Abby  as  it 
approaches  eastern  Taiwan.  1823007.  September 
< llualien .  Taiwan  (WMO  46099)) 


TYPHOON  BEN 


nPtOON  BUN  UAW) 


Typhoon  Ben  was  the  second  of  two  tropical 
cyclones  that  reached  warning  status  in  the  western 
North  Pacific  in  September.  Ben  resulted  in  the  loss 
at  see  of  thirteen  fishermen  from  Saipan,  who  had 
sought  shelter,  as  it  passed  by  the  island  of  Pagan 
in  the  northern  Marianas.  (The  tragedy  of  the  lost 
fishermen  at  Pagan  was  that,  although  the  advanced 
warning  was  accurate,  the  captain  apparently  decided 
to  leave  Saipan  for  the  northern  islands  anyway.)  It 
was  a  long-lived  typhoon  with  46  warnings  issued 
between  the  19th  and  30th  of  September. 

Typhoon  Ben  developed  from  an  area  of  enhanced 
convection  on  the  lbth  of  September  166  nm  ( 306  Km) 
southeast  of  Kwajalein  Atoll  In  the  Marshall  Islands. 
It  was  mentioned  for  the  first  tune  on  the 
Significant  Tropical  Weather  Advisory  (ABPW  PGTVi) 
later  that  day.  A  Tropical  Cyclone  Forecast  Alert 
was  issued  two  days  later,  at  181830Z,  after 
satellite  imagery  (Figures  3-14-1  and  3-14-2) 
indicated  a  rapid  increase  in  the  amount  and 
organization  of  convection.  The  Dvorak  intensity 
estimate  was  38  kt  (18  m/sec). 

The  first  warning  on  Ben,  as  Tropical  Depression 
14W,  was  issued  on  the  19th,  valid  at  OOOOZ.  Ben's 


initial  warning  position,  which  was  based  on 
satellite  data,  was  180  rm  1333  xml  north  of  the 
Island  of  Pohripei.  Later,  aircraft  recorina  1  ssance 
data  at  19O7307-  resulted  In  a  lbO  rm  U'9P  xmj 
relocation  of  Ben  to  the  northeast  and  upgrade  from 
tropical  depression  to  tropical  stonr.  intensity  on 
the  second  warning. 

Ben's  initial  forecast  track  was 
west -northwestward  with  a  gradual  Intensity  increase. 
The  early  forecast  tracks  were  in  close  agreement 
with  dynamical  and  statistical  guidance.  This  made 
Ben  an  Immediate  threat  to  the  island  of  Guam. 
However,  Ben  did  not  track  as  forecast,  but  instead 
moved  north-northwestward  until  the  20th  at  0600Z; 
after  which  it  began  a  west-northwesterly  track 
towards  the  northern  Marianas. 

Ben  was  forecast  to  reach  typhoon  intensity 
between  200600Z  and  210000Z  September.  However,  its 
forward  movement  slowed  and  its  intensity  decreased 
to  46  kt  (23  m/sec)  of  maximum  sustained  surface 
winds.  This  decrease  was  due  to  increased  vertical 
shear  from  the  north-northeast.  At  212124Z,  the  deep 
central  convection  became  displaced  southwestward  and 
exposed  the  low-level  circulation  (Figure  3— 1*4— 3 )  - 


'.lie  centra.  lense  .vervast  had  rvest  aid  is  nee 
itse.f  by  .  0 1  to..  1 .  By  the  .  *tr. ,  Be; .  n.t  1  ir.crtvised 
it.  3  forward  speed  toward  t  he  west  -northwest  arid 
intensified.  It  :va .ned  typhoon  intensity  at  co^dC Z 
j^st  five  riours  before  passirg  A.  rur  •.  y."  tan'  sout.fi  A* 
Pagan  Island  \ ;  oo.it  ed  cA  :  r,.  .  ~>»X  kit;  north  !  Juar.  . 
Ber.  oor.t mued  to  inters!  fj  t nvugh  A-JOGOZ ,  wner.  its 
jfaxinuni  sustained  winds  peaked  at  1JC  k t  oc  rrnsec  . 
At  that  time,  its  minimum.  sea  - 1 eve  1  pressure  vttSLP- 
was  i  1"'  mfc.  Ben  ha  1  a  circa. a r  eye  4j  rur.  ;7m  kit.,  ir. 
diameter  .Figure  <-14-4 }. 

Forecasts  through  O^oOoOZ  indicated  a  gradual 
turn  from  northwestward  to  northward,  however,  Ber 
slowed  to  Z  Kt  v*4  km.  hr)  c>y  early  or.  the  doth  and 
drifted  slowly  northward  into  a  region  of  increasing 
older- levei  uouthwesterl les .  Once  Ben  moved  to  the 
north  of  the  mid- level  subtropical  ridge  axis,  the 
forecasts,  based  or.  a  combination  of  dynamic  and 


i:  ■: •eased,  !vr;*3  .•ertra.  o . oudlrtess  became  »* 
ru  rtf.-northeast  south- suutnwest .  At 

air.T'aft  rvcorUia  ISSafiLV  i  nd  1  .’at  ed  tfiat  tfH* 
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By  60000 Z ,  rxTi's  forward  speed  n.i  :  i:icr< 

1 Kt  w'4  Km/ hr}  arid  its  intensity  had  g 
decreased  to  8n  Kt  v44  m/sec;.  11  ie 
convection  sheared  away  and  was  displaced 
northeast  as  the  intensity  decreased  to  >0 
.to  sec ) .  By  t  he  time  t  he  f  i  r  .a  1  wa  r'r . : ;  ig  was  i : 
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hyure  4  14  Sir, mil  northerly  upper  level  flow 
displuees  eon\e,Uon  /« *  the  south  of  lien’s  low  Usd 
nr i  datum  1 212124/.  September  NO.AA  visual  imagery  I 
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TYPHOON  CARMEU  (15W) 


Typhoon  Carmen  (15W)  was  the  first  of  five 
significant  tropical  cyclones  that  occurred  in 
October.  Carmen  followed  a  recurvature  track  that 
took  the  system  between  Guam  and  Saipan.  Carmen  was 
slow  developing,  but  deepened  rapidly  prior  to 
recurvature.  The  point  of  recurvature  was  935  rat 
(1730  km)  east  of  Taiwan.  JTAJC's  forecast  statistics 
were  excellent. 

Carmen  spawned  in  an  area  of  convergent  flow 
associated  with  the  near-equatorial  trough  east  of 
the  dateline.  On  270600Z  September,  the  disturbed 
area  that  became  Carmen  was  first  mentioned  on  the 
Significant  Tropical  Weather  Advisory  (ABPW  PCTW)  350 
nm  (648  km)  east  of  Majuro  Atoll.  The  poorly 
organized  convection  was  enhanced  by  divergent  flow 
aloft.  At  270000Z,  when  the  surface  vorticity  center 
was  first  noted  on  satellite  imagery,  the  minimum 
sea-level  pressure  (MSLP)  was  estimated  to  be  1009 
mb,  and  the  maximum  surface  winds  10  to  15  kt  (5  to  8 
m/sec).  The  tropical  disturbance's  organization 
remained  poor  for  the  next  four  days. 

A  Tropical  Cyclone  Formation  Alert  was  issued  cn 
011230Z  October  based  on  a  flare-up  of  cloudiness 
detected  on  the  satellite  imagery.  Because  of  the 
system's  rapid  development  and  location  330  nm  (611 
km)  east-southeast  of  Guam,  it  presented  an  immediate 
threat  to  the  island.  The  first  warning  for  Tropical 
Depression  15W  followed  11-hours  later  when  satellite 
imagery  showed  continued  growth.  Later,  aircraft 
reconnaissance  at  020326Z  fixed  a  low-level 
circulation  center  480  nm  (889  km)  east  of  Guam, 
which  was  a  significant  displacement  from  the  earlier 
satellite  derived  position.  These  data,  which 
included  a  MSLP  of  1001  mb,  maximum  1500  ft  (457 
meters)  winds  of  45  kt  (23  m/sec),  and  maximum 
surface  winds  of  40  kt  (21  m/sec),  led  JTVC  to 
relocate  and  upgrade  Carmen  to  tropical  storm 
intensity.  Initially  Carmen  was  forecast  to  pass 
south  of  Guam.  It  soon  became  evident  that  a  track 
between  the  islands  of  Guam  and  Saipan  was  preferred. 
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Figure!  75  /  Synoptic  data  showing  Carmen's 
passage  between  Saipan  (WMO  912.12)  and  the  island  of 
Rota .  whu  h  is  60  nm  (III  kml  southwest  of  Saipan 


Figure  3-15-2.  Winds  and  heavy  rainshowers  affect 
travelers  on  Guam  on  3  October  ( Photo  courtesy  of 
Guam  Publications.  Inc.). 


Carmen  intensified  at  a  slower  rate  than  normal. 
This  slow  intensification  was  advantageous  for  the 
Mariana  Islands.  The  maximum  intensity  at  the  time 
of  passage  through  the  Marianas  was  only  55  kt  (28 
m/sec)  instead  of  an  expected  77  kt  (40  m/sec).  The 
synoptic  data  (see  Figure  3-15-1)  reflects  Carmen's 
presence  between  the  islands  of  Rota,  which  is  60  nm 
(111  km)  southwest  of  Saipan,  and  Saipan  (WMO  91232) 
at  031200Z.  Automated  weather  reporting  stations 
provided  the  timely  observations  from  Rota  and 
Saipan.  Maximum  wind  reports  from  Saipan  were  31  kt 
(16  m/sec)  with  gusts  to  41  kt  (21  m/sec)  at  031200Z; 
for  Rota,  35  kt  (18  m/sec)  with  gusts  to  53  kt  (27 
m/sec)  at  031500Z;  and  for  Guam  (Figure  3-15-2),  30 
kt  (15  m/sec)  with  gusts  to  40  kt  (21  m/sec)  at 
031155Z.  Carmen  did  bring  heavy  rain,  10  to  11 
inches  (254  to  279  mm)  for  Guam,  and  flooding  to  the 
southern  Mariana  Islands,  but  caused  little 
structural  damage  and  no  loss  of  life. 

Aircraft  reconnaissance  at  032350Z,  which 
reported  a  MSLP  of  993  mb  and  estimated  the  maximum 
surface  wind  to  be  65  to  70  kt  (33  to  36  m/sec),  led 
JT4C  to  upgrade  Carmen  from  tropical  storm  to 
typhoon.  Aircraft  reconnaissance  at  042355Z  reported 
a  drop  in  MSLP  of  26  mb  to  967  mb  and  at  051510Z 
reported  another  drop  of  28  mb  to  a  MSLP  of  939  mb. 
This  was  a  total  decrease  of  54  mb  or  an  average  of 
1.4  mb/hr  for  39-hours  (see  Figures  3-15-3,  3-15-4 
and  3-15-5). 

The  forecasts  for  the  recurvature  of  Carmen  were 
excellent.  The  72-hour  forecast  errors  covering 
eight  warnings  (the  third  warning  through  the  tenth) 
were  less  than  80  nm  (148  km).  One  of  the  pieces  of 
data  that  helped  was  a  synoptic  track  requested  and 
flown  on  03  October  from  00O0Z  to  1500Z.  This 
synoptic  track  (see  Figure  3-15-6)  revealed  a 
weakness  at  500  mb  in  the  subtropical  ridge  480  rin 
(889  km)  northwest  of  Guam. 

Typhoon  Carmen  reached  its  maximum  intensity  of 
100  kt  (51  m/sec)  with  gusts  to  125  kt  (64  m/sec)  at 
051800Z.  Afterward,  cooler,  drier  air  associated 
with  a  mid-latitude  trough  east  of  Japan,  was 
entrained  into  the  system.  The  aircraft  mission  at 
052306Z  reported  that  the  eyewall  had  become  ragged 
in  the  south  through  northwest  sequent.  Satellite 
imagery  at  061200Z  confirmed  Carmen  was  being  sheared 
from  the  west  by  strong  upper-level  southwesterly 
flow,  which  caused  the  tropical  cyclone  to  become 
elongated  southwest  to  northeast.  By  that  time. 


95 


v,  y 

•y-y.'-y 


Figure  3-15-3.  Typhoon  Carmen  before  rapid 
deepening  and  just  after  it  passed  Guam  (040444Z 
October  NOAA  visual  imagery). 


Figure  3-15-4.  A  matu,  :  Typhoon  Carmen  19-hours 
after  Figure  3-15-3  and  rapid  deepening  <05001 3Z 
October  DMSP  visual  imagery). 
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Carmen  had  already  passed  its  point  of  recurvature. 
At  070005Z,  the  aircraft  reconnaissance  reported 
ms  derate  to  severe  turbulence  in  the  northwest 
quadrant  of  the  system  and  indicated  the  eye  was  no 
longer  present.  These  were  indicators  of 
extratropical  transition. 

Subsequently,  Typhoon  Carmen  accelerated  in 
forward  speed  to  about  25  kt  (13  m/sec),  while 
maintaining  an  intensity  of  80  kt  (<tl  m/sec).  After 
recurvature  on  October  7th,  the  MSLP  steadily 
decreased  and  the  winds  remained  nearly  constant.  At 
071600Z,  satellite  imagery  indicated  Carmen  had 
acquired  subtropical  characteristics  and  the  maxi  mm 
winds  were  65  kt  (31*  m/sec).  A  wind  maxinun  on  the 
eastern  portion  of  the  trough  caused  Carmen  to 
accelerate  toward  the  northeast  faster  than  forecast. 

JTVC  continued  warning  on  Carmen  until  081200Z 
when  the  system  completed  extratropical  transition. 
At  that  time,  extratropical  Carmen  had  60  kt  (31 
m/sec)  maximum  winds  with  gusts  to  75  kt  (39  m/sec) 
and  was  well  north  of  the  tropics. 


Figure  3-15-5.  Inside  Typhoon  Carmen's  eye.  This 
scene  is  from  the  aircraft  reconnaissance  mission  (AF966 
0715  CARMEN)  at  042355Z.  Compare  the  low  cloud 
spiral  in  this  figure  with  the  remotely  sensed  eye  in 
Figure  3-15-4  (Photo  courtesy  of  Captain  Susan  K. 
Watters.  USAF). 
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TROPICAL  STORM  DOM  (16W) 


Figure  3-16-1.  Tropical  Storm  Dom  slowly  developed  from  a  tropical  disturbance  340  nm  (630 
km )  east  of  the  island  of  Samar  in  the  Republic  of  the  Philippines.  It  was  first  detected  on  satellite 
imagery  on  the  2nd  of  October  and  placed  on  the  Significant  Tropical  Weather  Advisory  (ABPW 
PGTW)  as  a  suspect  area  the  same  day.  Dom  struggled  along  for  the  next  six  days  as  it  moved 
west-northwestward  across  southern  Luzon  producing  heavy  rains  and  flooding.  The  flood 
damage  prompted  the  Philippine  Meteorological  Agency  to  begin  warning  on  the  system  prior  to 
JTWC.  JTWC  issued  a  Tropical  Cyclone  Formation  Alert  at  081800Z  when  Dom  displayed 
increased  organization  and  convection  after  entering  the  South  China  Sea.  Surface  winds  at  that 
time  were  estimated  at  15  to  25  kt  (7  to  12  m/sec).  Dom  was  upgraded  to  tropical  storm  intensity 
on  the  first  warning  at  090300Z.  The  warning  was  based  on  aircraft  reconnaissance  reports  of  50 
kt  (26  ml  sec)  estimated  maximum  surface  winds  and  a  minimum  sea-level  pressure  of  1002  mb.  A 
well-established  ridge  located  north  of  Dom  provided  strong  mid-  to  upper-level  northeasterly  flow 
caused  Dorn's  convection  to  be  sheared  to  the  west-southwest  of  the  low-level  circulation  center. 
Later,  this  shear,  when  combined  with  the  increasing  interaction  with  the  rugged  terrain  of  central 
Vietnam,  caused  Dom  to  weaken  and  dissipate.  The  last  warning  on  Dom  was  issued  by  JTWC  for 
1 1 1200Z.  The  satellite  picture  shows  Dom  just  prior  to  the  issuance  of  the  first  warning  (0902I5Z 
October  DMSP  visual  imagery). 
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TYPHOON  ElXOi  (17W) 


Typhoon  Elian  was  the  third  cyclone  of  five  that 
developed  In  the  month  of  October.  It  followed  close 
on  the  heels  of  Typhoon  Carmen  (15W)  and  Tropical 
Storm  Dom  (16W).  Ellen  proved  to  be  a  difficult 
system  to  forecast,  particularly  when  it  encountered 
weak  steering  in  the  South  China  Sea.  The  system 
traveled  over  1)000  nm  (7408  km)  from  its  inception  on 
the  3rd  of  October  250  nm  (463  km)  east  of  the  Majuro 
Atoll  in  the  ttershal 1  Islands  to  dissipation  sixteen 
days  later  along  the  border  of  southern  China  and 
Vietnam. 

As  Ellen  moved  westward  through  the  Marshalls, 
the  Significant  Tropical  Weather  Advisory  (ABPW  PCTW) 
was  reissued  late  on  the  3rd  of  October,  at  1800Z. 
The  disturbance  in  the  monsoon  trough  had  shown  signs 
of  improved  convective  organization  cn  the  satellite 
imagery. 

Ellen  finally  developed  into  a  tropical 
depression  as  it  passed  120  rm  (222  km)  south  of  the 
island  of  Ulithl  in  the  Caroline  Islands  on  9 
October.  Twenty-four  hours  later,  JIWC  issued  a 
Tropical  Cyclone  Formation  Alert  when  the  disturbance 


again  showed  an  increase  in  organization.  The 
initial  aircraft  reconnaissance  investigative  mission 
found  only  a  weak  circulation  in  a  broad  low-pressure 
trough  and  estimated  surface  winds  of  10  to  20  kt  (5 
to  10  m/sec). 

By  the  following  morning,  Ellen  had  changed 
significantly.  The  second  aircraft  reconnaissance 
mission  at  110122Z  reported  a  minimum  sea-level 
pressure  of  992  mb  with  estimated  surface  winds  of  45 
kt  (23  m/sec).  JTWC  iamedlately  issued  its  first 
warning  on  Tropical  Storm  Ellen,  valid  at  110000Z 
(see  Figure  3-17-1). 

Shortly  after  its  development  into  a  tropical 
storm,  Ellen  moved  through  the  the  central  Philippine 
Islands.  Only  a  modest  weakening  to  40  kt  (21  m/sec) 
resulted  during  the  24-hours  it  took  to  make  the 
passage. 

Upon  entering  the  South  China  Sea  an  the  morning 
of  the  12th,  Ellen  turned  northward  into  a  region  of 
weak  steering  current  and  slowed  in  forward  speed. 
At  that  point,  most  of  the  statistical  and  dynamic 
forecast  guidance  predicted  the  tropical  cyclone 


Figure  3-171.  Tropical  Storm  Ellen  at  the  time  of  the 
second  aircrtrft  reconnaissance  mission  that  found  45  kt 
(23  m/sec)  surface  winds  and  a  minimum  sea-level 
pressure  of  992  mb  ( I10I34Z  October  DMSP  visual 
imagery) 


101 


ssv 


would  recurve.  Hi  is  was  the  forecast  philosophy  that 
was  followed.  Later  the  Cue-way  Interactive  Tropical 
Cyclone  Model  (OTCJl)  changed  to  a  more  northwesterly, 
and  eventually,  westerly  track.  JTWC  stayed  with  the 
recurvature  forecast  until  the  16th  when  the  Typhoon 
made  a  definite  turn  toward  the  west.  Aircraft 
reconnaissance  data  provided  this  critical 
information.  The  three  hourly  movement  between  the 
intermediate  and  on-time  vortex  fix  positions 
confirmed  that  Ellen  was  headed  northwest  and  not 
northeast.  In  retrospect,  the  low-level  surge  from 
the  northeast  across  the  Yellow  Sea,  Taiwan,  and 


later,  the  south  coast  of  China  pressured  Ellen 
northwestward . 

After  reaching  a  peak  intensity  of  BO  kt  (41 
m/seo)  on  the  14th  (Figure  3-17-2),  the  vertical 
shear  from  the  westerlies  remained  too  weak  to  shear 
away  the  central  convection  and  Ellen  maintained 
tropical  storm  intensity  almost  until  landfall 
northeast  of  the  island  of  Hainan.  Figure  3-11-3 
provides  a  radar  view  of  the  ra inbands  as  the  system 
passed  south  of  Hong  Kong  cn  the  18th.  There  were  no 
reports  received  of  heavy  damage  or  loss  of  life 
attributed  to  Ellen. 


Figure  3-17-2.  Weak  vertical  wind  shear  over  the 
South  China  Sea  enabled  Ellen  to  intensify  into  a 
typhoon  Its  large  eye  is  visible  to  the  west  of  the  island 
of  Luzon  ( I50I53Z  October  DMSP  visual  imagery) 
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TYPHOON  FORREST  (18W) 


Typhoon  Forrest  was  the  second  tropical  cyclone 
to  begin  east  of  the  dateline  and  move  westward  into 
the  western  North  Pacific.  Forrest  was  a  classic 
recurver  and  a  small,  compact  system.  The  track  and 
intensities  were  well  forecast  with  the  exception  of 
the  intensities  being  a  little  low  through  the  first 
half  of  Forrest's  life.  An  interests  point  to  note 
about  this  system  is  that  the  upper-level  vortex 
appeared  to  develop  first  and  then  built  downward  to 
the  surface.  Post-analysis  of  synoptic  and  aircraft 
reconnaissance  data  indicates  the  stronger  upper-  and 
mid-level  winds  did  not  begin  to  reach  the  surface 
until  after  the  14  th  of  October. 

On  9  October,  personnel  at  Detachment  1,  1st 
Weather  Wing,  Satellite  Operations  first  detected 
Forrest  on  satellite  imagery  as  an  area  of  poorly 
organized  convection  in  the  trade  wind  trough  600  nm 
(1111  km)  east  of  the  Marshall  Islands.  Over  the 
next  18-hours  the  convection  began  to  slowly  increase 
in  organization.  Once  across  the  dateline,  it  was 
first  discussed  on  the  Significant  Tropical  Weather 
Advisory  (ABPW  PCTV)  at  100600Z.  At  that  stage,  the 
amount  of  convection  began  to  decrease,  but  a  small 
cyclonic  vorticity  center  remained.  Over  the  next 
48-hours,  Forrest  remained  in  a  region  where  the 
upper-level  environment  was  unfavorable  for 


development.  As  a  result,  it  remained  poorly 
organized  and  continued  moving  west-northwestward. 
Sparse  synoptic  data  indicated  the  minimumi  sea-level 
pressure  (MSLP)  was  approximately  1008  mb  and  the 
maximum  sustained  surface  winds  were  10  to  20  kt  (5 
to  10  m/sec). 

The  orientation  of  low-level  clouds  on  the 
visuial  satellite  imagery  at  120000Z  revealed  a  broad 
circulation  center  in  the  western  quiadrant  of  deep 
convection  located  320  nm  (593  km)  east  of  the  Bikini 
Atoll  in  the  Marshall  Island  Group.  The  intensity 
was  estimated  to  be  25  kt  (13  m/sec).  Later,  at 
121800Z,  Forrest  demonstrated  continued  growth.  This 
prompted  reissuance  of  the  ABPW  PGIW  at  122000Z  to 
upgrade  Forrest's  potential  for  development  to  fair. 
This  trend  towards  increased  organization  (Figure 
3-18-1)  continued  and  resulted  in  a  Tropical  Cyclone 
Formation  Alert  (TCFA)  at  132000Z.  The  first 
aircraft  reconnaissance  investigative  mission  flown 
into  the  disturbance  on  the  14th  of  October  fouind 
multiple  low-level  circulation  centers,  a  MSLP  of 
1008  mb,  maximum  winds  of  10  to  25  kt  (5  to  13  m/sec) 
near  the  vortlce3  and  30  kt  (15  m/sec)  displaced  to 
the  north.  The  TCFA  was  reissued  at  142000Z,  since 
supporting  data  did  not,  as  yet,  necessitate  a 
warning. 


Figure  318-1  Typhoon  Forrest  organizing  over  the 
Marshall  Islands  (I223IIZ  October  DMSP  visual 
imagery ) 
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Aircraft  reconnaissance  on  the  15th  found  a 
single  circulation  center;  the  MSLP  had  dropped  to 
1002  mb  and  maximum  winds  were  25  kt  (13  m/sec).  The 
(Dvorak)  satellite  intensity  estimate  at  151600Z  of 
45  kt  (23  m/sec)  preopted  the  first  warning.  Tne 
warning  at  151800Z  fer  Tropical  Depression  18W, 
however,  only  mentioned  maximum  sustained  winds  of  30 
kt  (15  m/sec).  The  lower  intensity  on  the  warning 
was  caused  by  the  Typhoon  Duty  Officer  placing  more 
weight  on  the  earlier  aircraft  reconnaissance 
information  than  the  Dvorak  analysis  of  infrared 
satellite  imagery.  Subsequent  aircraft 
reconnaissance  at  152126Z,  however,  proved  otherwise. 
They  reported  maximum  winds  to  be  55  kt  (28  m/sec) 
with  a  MSLP  of  988  mb  and  a  closed,  but  thin, 
eyewall.  At  160009Z,  the  aircraft  observed  80  kt  (41 
m/sec).  Figure  3-18-2  shows  the  stronger  winds  in 
the  north  semicircle  of  Forrest  Indicative  of  the 
tighter  pressure  gradient  between  the  low  pressure 
center  and  the  subtropical  ridge.  The  160000Z 
warning  upgraded  Forrest  fran  tropical  depression  to 


typhoon  intensity  with  maxiaun  sustained  surface 
winds  of  65  kt  (33  m/sec).  In  retrospect,  the 
initial  warning  was  too  conservative  and  the 
forecasters  had  waited  too  long  for  the  aircraft 
reconnaissance  to  confirm  the  strong  development 
indicated  by  the  satellite  data. 

While  moving  northwestward  at  16  to  18  kt  (30  to 
33  km/hr)  over  the  next  24-hours,  Forrest  rapidly 
deepened.  Nighttime  aircraft  reconnaissance  on  the 
16th  indicated  Forrest  had  continued  to  deepen 
rapidly  as  the  700  mb  heights  fell  70  meters  in  less 
than  three  hours.  Dvorak  intensity  estimate  on 
satellite  imagery  at  161600Z  indicated  Forrest 
contained  winds  of  102  kt  (53  m/sec).  By  162105Z  the 
700  mb  heights  had  dropped  by  219  meters  fran  2840 
meters  to  2621  meters.  The  MSLP  was  946  mb. 
Satellite  imagery  and  aircraft  intensities  were  in 
agreement,  that  Forrest  had  deepened  rapidly  over  a 
very  short  time  period.  Forrest  peaked  at  its 
maximum  intensity  of  100  kt  (51  m/sec)  at  170000Z 
(Figure  3-18-3).  Two  hours  before  this  peak 


Figure  3-18-3.  Typhoon  Forrest  at  maximum  intensity 
of  100  kt  (51  mlsec)  with  a  small  eye.  With  the  sun  low 
in  the  east,  the  cloud  top  topography  is  striking 
(162029Z  October  DMSP  visual  imagery). 
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Figure  3-18-4.  The  thin  cirrus  clouds  in  the  west 
semicircle  indicate  the  beginning  of  the  end  for  Forrest  as 
it  was  becoming  influenced  by  the  stronger  mid-  to 
upper-level  westerly  flow.  A  short  time  later,  Forrest 
began  to  move  rapidly  northeastward  ( 180S36Z  October 
NOAA  infrared  imagery). 


Intensity,  the  island  of  Agrihan  (located  in  the 
northern  Marianas  270  nn  (500  km)  north  of  Guam)  bore 
the  brunt  of  Typhoon  Forrest  as  it  passed  10  ns  (19 
km)  to  the  south.  Fortunately,  the  island's  25 
residents  received  no  injuries  even  though  only  one 
building  was  left  standing  and  two-way  conmunications 
were  destroyed.  On  the  21st  of  October,  the  Navy  and 
Coast  Guard  Joined  forces  and  airlifted  1000  pounds 
of  canned  food,  medical  supplies  and  a  two-way  radio 
to  the  islanders. 

At  maxiaua  intensity  and  Just  prior  to 
recurvature,  Forrest  started  elongating  southwest  to 
northeast  and  slowed  to  5  kt  (9  km/hr).  JTWC  had 
been  expecting  Forrest  to  recurve  due  to  the  break  in 
the  ridge  since  the  first  warnings  on  the  system. 
The  dynamic  forecast  aids  were  also  in  good  agreement 


in  this  regard.  The  One-Way  Interactive  Tropical 
Cyclone  Model  (OICM)  provided  the  best  guidance  far 
speed  and  the  Nested  Tropical  Cyclone  Model  (NFCM) 
had  the  best  handle  an  direction. 

Over  the  next  30-hours,  Forrest  began  to  very 
gradually  weaken  as  it  moved  slowly  around  the 
western  end  of  the  subtropical  ridge  and  started 
moving  northeastward.  Figure  3-18-4  shows  Forrest’s 
outflow  restricted  to  the  west  due  to  the  increasir^ 
westerlies  aloft.  By  191200Z,  the  system  was 
beginning  to  acoelerate  northeastward  at  23  kt  (43 
km/hr).  Forrest  completed  transition  to  an 
extra tropical  cyclone  and  the  final  warning, 
indicating  55  kt  (28  m/sec)  intensity,  was  issued  at 
200600Z. 
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Figure  f  20  I  Herbert,  as  a  tropical  disturbance  tracked  from  east  of  the  dateline  ai  ross  the 
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lssued  prematurely  without  enough  data  from  synoptic 
and  aircraft  reconnaissance  data  to  support  an 
upgrade  to  tropical  storm  intensity.  The  initial 
warning  was  based  on  satellite  analysis  of  a  rapidly 
developing  cloud  system,  which  later  proved  to  be 
inaccurate. 

Tropical  Storm  Ida  gradually  intensified  as  it 
approached  the  Philippine  Islands.  Aircraft 
reconnaissance  at  120223Z  found  a  MSLP  of  990  mb,  or 
a  crop  of  14  mb  in  24-hours.  Ida  accelerated  as  it 
traversed  tne  Philippines  and  weakened  slightly  due 
to  orograpnic  effects.  It  followed  nearly  the 
identical  track  through  the  islands  as  Tropical  Storm 
Heroert  (20W)  just  six  days  earlier.  Ida  regained 
tropical  storm  intensity  shortly  after  entering  the 
Soutn  China  Sea  and  reached  its  peak  intensity  of  99 
xt  (28  m/secj  early  on  the  19th  (see  Figure  3-21-2). 

At  tnis  point  Ida  was  influenced  by  the 
riortneist  monsoon  winds  off  of  mainland  China.  The 
jr.e-way  Interactive  Tropical  Cyclone  Model  (OTCM) 
mutated  tne  cyclone  would  continue  its  northward 


track  for  approximately  24-hours.  JTWC  forecasts 
followed  this  prognostic  reasoning.  Post-storm 
analysis  Indicated  that  Ida  attempted  to  recurve 
around  the  subtropical  ridge  as  the  ipper-level 
circulation  sheared  off  to  the  northeast.  However, 
the  low-level  circulation  drifted  eastward  in 
apparent  opposition  to  the  surface  wind  flow.  The 
cold  air  feeding  into  Ida  caused  it  to  undergo  rapid 
extratropical  transition.  Also,  the  cold  air  behind 
the  mid-level  trough  just  north  of  Tropical  Storm  Ida 
merged  with  the  warm  air  advected  northward  by  the 
tropical  cyclone,  leading  to  the  strengthening  of  the 
frontal  boundary  off  the  China  coast.  Ida  became 
embedded  in  this  Trontal  boundary.  The  final  warning 
was  issued  at  160217Z.  No  loss  of  life  or 
significant  property  damage  was  attributed  to  Ida. 

The  low-level  eddy,  which  was  the  remnant  of 
Ida,  separated  from  the  frontal  boundary  on  17 
November  and  drifted  southwestward  in  the  South  China 
Sea  with  the  gradient-level  flow.  It  persisted  as  a 
vortex  on  visual  satellite  imagery  until  19  November. 
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TYPHOON  JOE  (22V) 


Typhoon  Joe  was  the  third  of  four  tropical 
cyclones  to  reach  warning  status  in  the  month  of 
November.  As  a  tropical  disturbance,  Joe  became 
evident  on  satellite  imagery  on  the  12th.  JTVC 
mentioned  it  for  the  first  time  on  the  Significant 
Tropical  Weather  Advisory  (ABPVf  PGTVO  when  it 
appeared  as  an  area  of  enhanced  convective  activity 
A25  no  (787  km)  south  of  Guam  at  120600Z.  lhe  amount 
of  convection  and  organization  (Figure  3-22-1) 
increased  very  slowly  as  it  moved  west-northwestward. 
Synoptic  data  during  this  period  indicated  a  weak 
low-level  cyclonic  circulation.  Upper-level  data 
indicated  divergent  flow  aloft.  The  central 
convection  began  to  consolidate  and  a  Tropical 
Cyclone  Formation  Alert  (TCFA)  was  issued  at  172251Z. 
Satellite  intensity  analysis  shortly  after  the  TCFA 
Issuance  indicated  surface  winds  of  35  kt  (18  in/sec). 


The  initial  aircraft  vortex  fix  mission  at  0213Z 
on  the  18th  located  a  30  kt  (15  m/sec)  low-level 
circulation.  The  extrapolated  minimnn  sea-level 
pressure  (MSLP)  was  1005  mb.  which  normally  supports 
less  than  30  kt  (15  m/sec)  winds  (Atkinson  and 
Holliday,  1978).  By  181800Z,  however,  satellite 
imagery  indicated  increased  development  and  the  first 
warning  was  issued  on  Tropical  Depression  22W.  A 
circular  eye  15  nm  (28  km)  in  diameter  was  first 
observed  by  aircraft  reconnaissance  at  1900U6Z.  Some 
elongation  north-ncrtheast/3outh-southwest  wa3 
apparent  cn  satellite  imagery  by  191800Z  as  Joe  began 
to  interact  with  a  mid-latitude  trough  passing  to  the 
north.  Three  hours  later,  aircraft  reconnaissance 
reported  that  Joe's  eye  had  become  elliptical  and  the 
MSLP  had  decreased  to  976  mb.  Typhoon  intensity  was 
reached  between  191800Z  and  2000 OOZ  as  Joe  began  to 
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move  northward  arourri  the  periphery  of  the 
subtropical  ridge  to  its  east  (Figure  3-22-2). 

The  first  warning  (18I800Z)  forecast  Joe  to  move 
northwestward,  just  over  the  northeast  comer  of  the 
island  of  Luzon  in  the  Republic  of  the  Philippines. 


The  second  through  fifth  warnings  (from  190000Z  to 
191800Z)  forecast  a  more  westward  track  for  Joe. 
These  forecasts  relied  heavily  on  the  dynamic 
guidance  of  the  Cne-way  Interactive  Tropical  Cyclone 
Model  (OTCM)  which  indicated  west-northwestward 
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Figure  3-22-2.  Typhoon  Joe  brushes  by  eastern  Luzon 
(200I28Z  November  DMSP  visual  imagery). 
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movement  of  Joe  across  central  Luzon.  However,  the 
OTCM  persisted  in  forecasting  westward  movement  as 
late  as  231200Z,  three  days  after  Joe  had  assumed  a 
northerly  track.  This  could  possibly  have  beer  due 
to  the  model's  inability  to  adequately  handle  the 
interactions  between  the  typhoon  and  the  strong 
northeasterly  low-level  flow  from  Asia.  JTVC  broke 
with  the  faulty  OTCM  guidance  after  the  fifth  warning 
and  correctly  forecast  recurvature. 

A  ragged  eye  first  became  visible  on  satellite 
imagery  at  0128Z  on  20  November.  Typhoon  Joe 
continued  to  intensify,  even  as  the  strength  of  the 
mid-  to  upper-level  southwesterly  flex  increased 


aloft.  Joe  continued  to  Intensify  and  reached  a  peak 
of  100  kt  (51  m/sec)  maximum  sustained  surface  winds 
at  210600Z. 

As  Joe  continued  to  move  northward  around  the 
western  end  of  the  subtropical  ridge,  the  vertical 
shear  on  the  system  increased.  The  result  was  Joe’s 
upper-level  outflow  became  displaced  to  the  northeast 
of  the  low-level  leaving  the  exposed  low-level 
circulation  behind.  The  final  warning  was  issued  at 
241200Z,  since  Joe  no  longer  retained  any  persistent 
central  convection.  Only  the  residual  low-level 
circulation  persisted  and  was  still  evident  on 
imagery  through  2A2318Z  (Figure  3-22-3). 


Figure  3-22-3.  By  24  November,  a  residua l  low-  level 
circulation  was  all  that  remained  of  Joe  (2423 1 RZ 
November  NOAA  Visual  imagery). 


SOPER  TYPHOON  KIM  (23W) 


Super  Typhoon  Kim  was  a  "midget"  tropical 
cyclone  that  produced  sustained  winds  of  135  kt  (69 
m/sec)  with  ®ists  to  165  kt  (85  m/sec)  and  attained  a 
minimum  sea-level  pressure  (MSLf)  of  905  nb.  It  was 
the  fourth  significant  tropical  cyclone  that  began  in 
Novenber,  and  was  the  first  of  four  significant 
tropical  cyclones  in  the  month  of  December.  Kim  was 
the  third  super  typhoon  of  the  year  and  the  first 
December  super  typhoon  in  twenty-two  years  since 
Super  Typhoon  Opal  (December  1964).  Fifty-two 
warnings  were  Issued  on  Kim  -  more  than  any  other 
tropical  cyclone  in  1986  except  for  Typhoons  Vera 
(11W)  and  Wayne  (12W).  Thirty  aircraft 
reconnaissance  missions  were  flown  on  Kim,  the  most 
for  any  tropical  cyclone  in  1986.  Included  in  these 
missions  were  five  synoptic  tracks  and  45  center 
fixes.  The  information  provided  by  the  aerial 
recomaissance  platform  was  quite  essential  as  Kim 
presented  JTWC  with  track  forecast  problems  at  three 
different  times. 

Kim  began,  innocently  enough,  as  a  broad  poorly 
organized  area  of  convection  near  the  dateline  cn  the 
26th  of  November.  When  convection  persisted  for 
24-hours,  JTWC  first  mentioned  it  cn  the  Significant 
Tropical  Weather  Advisory  (ABIV  PGIW)  at  270600Z. 
Maximum  sustained  winds  were  estimated  at  10  to  20  kt 
(5  to  10  m/3ec)  and  the  MSLP  was  estimated  at  1006 
mb.  Over  the  next  15-hours,  outflow  and  convection 
increased  significantly.  Upper-level  outflow  was 
unrestricted  in  all  quadrants  and  an  upper-level 
anticyclone  became  well-established  over  the  surface 
circulation  center.  The  MSLP  was  estimated  at  1005 
mb.  For  these  reasons  JTWC  issued  a  Tropical  Cyclone 
Formation  Alert  (TCFA)  at  272130Z.  when  the  system 
was  located  about  360  nm  (667  km)  east  of  Pohnpei. 
Just  nine  hours  later,  at  280600Z,  JTWC  issued  the 
first  warning  on  Tropical  Depression  23W  based  on  a 
(Dvorak)  intensity  estimate  of  35  kt  (18  m/sec).  At 
281200Z,  JTWC  upgraded  Tropical  Depression  23W  to 
Tropical  storm  Kim  based  on  continued 
intensification. 


At  290126Z,  the  first  aircraft  reconnaissance 
mission  closed  off  the  surfaoe  circulation  center  145 
nn  (269  km)  north-northeast  of  Pohnpei.  The  Aerial 
Reconnaissance  Weather  Officer  reported  that  an 
elliptical  eye  was  beginning  to  form,  which  was  open 
to  the  northwest.  This  first  penetration  found 
maxims  700  mb  winds  of  65  kt  (33  m/sec)  and  a  700  mb 
height  of  2921  meters,  rtiich  corresponds  to  an  MSLP 
of  about  980  mb.  The  second  penetration.  90  minutes 
later,  reported  maximum  surface  winds  of  80  to  85  kt 
(41  to  44  m/sec).  The  290600Z  warning  upgraded  Kim 
to  typhoon  status. 

From  26 1800 Z  through  291200Z  (warning  ramber  6). 
Kim  tracked  toward  the  west-northwest  following  a 
basic  under-the-ridge  scenario.  At  291800Z,  the 
eastward  movement  of  a  mid-latitude  trough  weakened 
the  subtropical  ridge.  This  caused  Kim  to  move 
northwestward.  The  weakness  in  the  ridge  was 
misinterpreted  by  JTWC  as  a  "break"  in  the  ridge.  At 
010000Z,  JTWC  altered  Kim's  forecast  track  from  an 
under-the-ridge  scenario  to  a  thrcu#»-the-ridge 
scenario  based  on  this  break.  Kim's  track  changed 
from  anticyclonic  to  cyclonic,  as  Kim  continued  to 
track  toward  the  northwest.  As  Kim  reached  the 
inflection  point,  it  began  to  Intensify  at  a  rate 
slightly  greater  than  expected  from  the  normal  Dvorak 
curve  of  one  "T-number"  per  day.  Kim’s  intensity 
increased  from  85  kt  (44  m/sec)  at  010000Z  to  135  kt 
(69  m/sec)  by  022100Z. 

The  first,  or  three,  major  track  forecasting 
problems  arose  when  aircraft  recomaissance  at 
021105Z  verified  prior  satellite  Imagery  indications 
that  Kim  was  moving  westward.  The  mid-level  ridge  to 
the  north  strengthened  as  the  low-  to  mid-level 
trough  moved  off  to  the  east.  Because  of  the 
significant  forecast  track  change  on  Kim,  an 
abbreviated  warning  message  was  sent  out  at  0221D0Z, 
since  Kim  inmediately  became  a  threat  to  Saipan. 

At  about  030400Z,  Super  Typhoon  Kim,  with  its 
peak  winds  of  135  kt  (69  m/sec),  passed  about  18  nm 
(33  km)  to  the  north  of  Saipan.  Kim  inflicted 


Figure  3-23-1.  One  of  the  many  downed  telephone 
poles  leans  against  a  shoe  store  in  Garapan,  the  major 
city  of  Saipan,  in  the  aftermath  of  Kim  (Photo  provided 
courtesy  of  Guam  Publications,  Inc  ). 


substantial  damage  to  Saipan,  leaving  the  entire 
island  without  electricity  and  water.  An  estimated 
one-third  of  all  power  poles  were  down  (see  Figure 
3-23-1).  hundreds  of  people  were  left  hanelesa ,  14 
people  were  injured,  mainly  due  to  flying  glass,  and 
one  (heart  attack)  fatality  was  reported.  Damages 
(Figure  3-23-2)  Were  estimated  at  about  15  million 
dollars  by  the  Governor  of  Saipan.  A  team  of  U.S. 
Navy  Construction  Battalion  personnel  (Seabees), 
engineers  from  the  U.S.  Navy  Public  Works  Center 
(Guam)  and  electrical  generators  were  sent  to  Saipan 
to  get  the  island's  essential  power  system  back 
on-line. 

Kim  continued  tracking  westward  until  040000Z 
(Figure  3-23-3).  Afterward,  it  began  moving 
northwestward.  This  presented  the  second  major 
forecasting  problem  with  Kim.  JTVC  had  followed  the 
One-Way  Interactive  Tropical  Cyclone  Model  (CfTCM) 
guidance  and  repeatedly  forecast  recurvature.  A 
synoptic  track  flown  between  040500Z  and  041200Z 
Indicated  a  "break"  in  the  subtropical  ridge 
approximately  135  nm  (250  km)  southwest  of  Iwo  Jima. 
The  forecast  looked  good,  but  for  the  second  time  an 
unforecasted  major  direct ioral  change  in  the  track 


occurred.  Cnee  again,  this  was  not  a  "break"  in  the 
ridge,  but  merely  a  weakness  that  would  cause  the 
tropical  cyclone  to  take  a  "step"  toward  the 
northwest  and  then  return  to  a  the  westward  track;  as 
the  mid-latitude  trough  moved  north  and  then  east  of 
the  system. 

At  071200Z,  Kim  abruptly  changed  track  and  began 
moving  toward  the  south  along  the  leading  edge  of  a 
modifying  polar  air  mass  moving  off  the  Aslan 
landmass.  At  the  same  time,  the  entrainment  of  cold 
air  and  increased  vertical  shear  started  to  weaken 
the  tropical  cyclone.  Aircraft  reconnaissance  at 
081542Z,  082130Z  and  090000Z  docunented  this  trend 
and  Kim  was  subsequently  downgraded  to  tropical  storm 
intensity  at  090000Z.  By  090600Z,  Kim's  intensity 
was  down  to  55  kt  (28  m/sec),  and  forty-two  hours 
later,  at  110000Z,  to  30  kt  (15  m/sec).  After  three 
days  of  erratic  movement,  Kim  was  further  downgraded 
to  a  tropical  depression.  The  final  warning  was 
issued  at  110000Z  as  the  system  dissipated  over 
water.  The  remains  of  Kim  tracked  west-northwestward 
and  dissipated  over  the  Philippine  Sea  300  rm  (556 
km)  east  of  the  island  of  Luzon. 


Figure  3-23-2.  Many  structures  were  extensively 
damaged  by  wind  and  water  (Photo  courtesy  of  Guam 
Publications.  Inc.) 
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TROPICAL  STOW  LEX  (2«W) 


Tropical  Storm  Lex  was  the  first  of  three 
significant  tropical  cyclones  to  develop  In  the  month 
of  December.  Initially,  Lex  developed  rapidly  in  the 
wake  of  Super  Typhoon  Kim  (23W)  and  presented  a 
threat  to  Guam.  Significant  further  development  was 
inhibited  by  Kim  (2 3W)  and  a  mid- latitude  trough, 
although  a  brief  flare-up  of  convection  occurred  just 
before  Lex  passed  througfi  the  southern  Marianas. 

Lex  first  appeared  as  a  small  mass  of  convection 
about  300  nm  (886  Km)  to  the  east -southeast  of  the 
Kwajalein  Atoll  in  the  Marshall  Islands  at  301200Z 
November.  The  convection  rapidly  increased. 

Lfcper-level  organization  and  low-level  Inflow  also 
increased  over  the  next  18-hours.  For  these  reasons, 
Lex  was  initially  placed  an  the  Significant  Tropical 
Weather  Advisory  lAbrtf  PCI*/)  at  OlObOOZ  Decenber. 

The  tropical  disturbance  continued  to  snow 
potential  for  development  and  at  0223A8Z,  It  became 
the  subject  of  a  Tropical  Cyclone  Formation  Alert 
iTCFA).  The  convection  became  more  centralized, 
prompting  JTV/C  to  issue  the  first  warning  on  Tropical 
Depression  2AW  at  031800Z.  Upper-level  organization 
continued  to  improve,  as  satellite  lmagei'y  Indicated 
good  banding  features  to  the  north  and  south. 
Increased  satellite  (Dvorak)  intensity  estimates 
resulted  in  ar,  upgrade  from  Tropical  Depression  2AW 
to  Tropical  Storm  Lex  at  0A0000Z  on  the  second 


warning. 

Lex  was  first  fixed  by  aircraft  reeoma  1  ssance 
at  0AO837Z.  The  Aerial  Reconnaissance  Weather 
Officer  reported  surface  winds  of  near  *48  kt  (23 
m/sec),  and  fixed  the  surface  center  further  to  the 
east  of  the  previous  (040000Z)  warning  position, 
which  was  based  cn  satellite  data,  and  88  nm  (187  km/ 
east  of  the  040600Z  forecast  position.  This  led  JIVC 
to  relocate  Lex’s  position  an  the  0A0600Z  wamirg. 

Although  forecast  to  reach  typhoon  intensity 
within  AS-hours,  It  had  already  attained  Its  peak 
intensity  by  OA0600Z.  The  combination  of  an  eastward 
moving  trough  and  the  proximity  of  Kim  (23W)  to  the 
northwest,  greatly  Inhibited  Lex’s  upper-level 
outflow. 

Aircraft  reconnaissance  indicated  a  tilt  toward 
the  west  between  the  surface  center  and  the 
upper-level  center  and  a  possible  secondary  center 
about  30  rm  (86  km)  to  the  northwest  of  Lex.  As 
evidenced  in  visual  satellite  imagery  at  OA23AAZ 
(Figure  3-2*1— 1),  Guam  was  between  Super  Typhoon  Kim 
(23W)  (to  the  northwest)  and  Tropical  Storm  Lex.  Lex 
continued  to  decrease  In  convection  and  organization. 
A  nighttime  aircraft  reconnaissance  fix  mission 
scheduled  for  081200Z  found  700  nb  westerlies 
throu#iout  the  area  and  no  sign  of  a  closed 
circulation.  For  these  reasons.  Tropical  Storm  Lex 
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Figure  3-24-1  Visual  satellite  imagery  showing  Super 
Typhoon  Kim  (23W)  and  Tropica I  Storm  Lei  The 
island  of  Guam  is  in  the  region  between  the  two  tropical 
cyclones  <0423447.  December  DMSP  visual  imagery) 
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was  downgraded  to  Tropical  Depx'eSSlor;  JuW ,  and  the 
final  warning  invjitier  8.  was  issued  at  Of lJVOZ . 

XIVJ  continued  to  moxutor  Uie  rear la/its  of  Lex. 
Because  of  trie  sudden  flare-up  of  central  cold  cover 
vDvorak,  1  -j&4  '  cloud  viewed  cn  tne  satellite  infrared 
litagery  IFlgure  3-<?4-<?  /,  Lex  again  was  tne  subject  of 
a  Itl'A  lOte’jOOZ;  atxout  80  rm  1186  an)  east -southeast 
of  Guam.  Due  to  tne  proximity  to  Guam,  tne  prospect 
of  sudden  deepenir^j  and  tne  uncertainty  concerning 
wfiat  was  really  out  there,  JTV.'  diverted  a  UC-1}G 
aircraft  f rcm  a  fix  miss ton,  tnat  was  in  progress  on 
Kim  ,  i  jW ; ,  to  fly  an  investigative  profile  on  Lex. 


TYie  resu.ts  were  that  Lex's  low-level  circulation 
ouuil  not  De  closed  off  arid  warnings  were  not 
resunel.  I>ie  weak  disturbance  moved  rapidly  Cy  at  28 
kt  k~>.  xm/nr i  and  passed  dlrectiy  over  tne  island  of 
Rota  located  4u  nrn  (74  Km,  north-ncrtneast  of  Guam. 
Mil-  to  4>per-levei  snear  over  tne  system  was  strong 
and  the  upper- level  outflow  retrained  restricted  Dy 
Super  Typhoon  Kim  ii'JWj.  JIVC  caricelled  tne  7CFA  at 
071SOOJ.  idle  remains  of  Lex  then  moved  rcrtnwestward 
until  OdOOOOZ,  then  curved  northeastward  and 
transitioned  to  an  extratroplcal  system. 


Figure  f  24  -2  Enhanced  infrared  image  for  the  Dvorak 
intensity  estimation  technique  of  the  disturbance  (la  l 
and  Kim  (23W )  at  typhoon  intensity  At  first  glance,  the 
cloud  signatures  look  similar  However  the  distinction 
between  the  transitory  flare  up  of  the  central  cold  rover 
(Dvorak.  IVM 1  over  lex  and  the  persistent  central  dense 
overcast  and  eye  of  Kim  <23W)  it  crucial  for  proper 
inteiuirv  analyus  (Obi  7SKZ  December  NOA A  infrared 
imagery) 
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TYPHOON  MARQE 


TYPHUUN  MARGfc.  U’bW) 


i  oil.  Marge  was  a  mid-December  tropical 
Lfidl  originated  ir*  the  near-equatona  i  trough 
at’.  T  odes  just  east  o:  trie  Marsnail  Islands, 
deve.op,  Typhoor.  Marge  presented  a  couple  of 
f  j  r  vc  as  1 1 ng  pr  \>D  1  ems  wri  1  .* : :  i  r  ic  1  udeo  some 
ed  movement  i;.  the  Philippine  oea. 
ervnced  for  the  first  time  or:  tne  Significant 
Weather  Advisory  v ABPW  PCTIV;  or;  9  December, 
Miming  wasn’t  issued  until  l40o0UZ 
During  the  intervening  time,  Marge  drifted 
war'd  the  nortnwest  as  a  large  area  of 
convection .  The  first  Tropica  1  Cyclone 
Aiert  valid  at  L30330Z  was  based  on 


satellite  l Dvorak)  intensity  estimates  of  Du  to  jC  kt 
vld  to  I1?  m/secj  winds  and  decreasing  sea -level 
pressure.  Vhe  first  warning  followed  on  the  14th  arid 
was  based  on  satellite  imagery  which  indicated  an 
increase  m  convection  and  upper- level  orgar.izat ion. 
From  the  Ibth  through  the  loth,  Marge's  mean  track 
was  west -northwestward  as  the  forecasts  followed  the 
under- the -ridge  scenario. 

based  on  the  Dvorak  analysis  of  satellite 
imagery  at  IbOjOOZ,  indicatirig  a  maximum  wind  of  t\, 
kt  (Id  m/sec;,  Tropical  Depression  2bW  was  upgraded 
to  tropical  storm  intensity  (see  Figure  3-2^-i  i.  The 


/ igure  .1  2*  1  Tropical  Storm  Marge  passed  south  of 
(iuum  just  rune  hi>ur\  before  iosager  left  on  the  start  of 
its  rn  or d  setting  flight  r/WJS/7/  Pei  ember  \rM*\ 
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Figure  3-25-2.  Marge  six  hours  prior  to  reaching 
maximum  intensity  ( 192236Z  December  NOAA  visual 
imagery). 


first  aircraft  reconnaissance  mission  on  the  15th 
found  a  minima  sea-level  pressure  (MSLP)  of  only 
1000  at),  30  kt  (15  m/sec)  winds  and  did  not  close  off 
a  circulation.  The  next  aircraft  mission  early  on 
the  16th  located  a  vortex  with  a  MSLP  of  996  mb  and 
maxima  surfaoe  winds  of  60  kt  (31  m/sec).  The 
161200Z  warning  upgraded  the  system  to  a  typhoon. 

The  first  forecast  problem  with  Marge  arose  at 
170000Z,  when  satellite  fixes  and  aircraft 
reconnaissance  observations  began  Indicating  that 
ttorge  was  no  longer  moving  as  forecast  toward  the 
west-northwest,  but  In  a  more  westerly  direction. 
The  coaster  prognostic  guidance  persisted  with  the 
now  Incorrect  west-northwest  movement.  From  170000Z 
to  181800Z  Marge  moved  due  westward  along  the  edge  of 
the  modifying  polar  air  and  passed  160  ran  (296  km) 
south  of  Guam.  Mo  evacuations  or  significant  damage 
to  the  Island  occurred. 


The  next  forecast  problem  arose  at  200000Z  as 
Marge  began  slipping  toward  the  west-southwest. 
JTWC's  Initial  response  was  to  consider  the  southward 
movement  as  a  short-term  event  and  the  forecasts 
reflected  this  philosophy.  This  proved  to  be  in 
error  as  Marge  was  forced  further  southwestward  by  a 
strong  surge  of  polar  air  frcm  the  Aslan  landnass. 
Marge's  unforecast  movement  in  the  ftiillpplne  Sea 
caused  considerable  concern  for  shipping.  For 
exanple,  the  USS  Proteus  (AS  19)  passed  within  60  rm 
(111  km)  of  the  center  of  Typhoon  Marge,  circled 
around  its  southwest  quadrant  and  experienced  winds 
of  50  kt  (26  m/sec)  at  210430Z.  There  was  minimal 
damage  to  the  ship  and  no  personnel  were  Injured.  At 
that  time  Marge' 3  maxima  winds  near  the  center  were 
80  kt  (hi  m/sec)  and  had  decreased  from  a  maximum  of 
95  kt  (49  m/sec)  earlier  at  200600Z  (see  Figure 
3-25-2). 
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After  entering  the  Philippine  Islands,  the 
system  weakened  and  changed  course  towards  the 
northwest.  It  then  tracked  Into  the  South  China  Sea 
and  dissipated  over  water. 

Hiring  Marge's  lifetime,  aviation  history  was 
being  trade.  The  Voyager,  a  light-weight,  graphite 
fiber-bodied  aircraft,  piloted  by  Burt  Rutan  and 
Jeana  Yeager,  departed  Edwards  Air  Force  Base, 
California,  on  15  December  at  1402Z  (14  December  at 
11:02  A.M.  EST)  in  a  record-setting  attempt  to  circle 
the  globe  on  a  single  tank  of  fuel.  Initially,  the 
flight  plan  routed  Voyager  south  of  the  equator, 
passing  just  north  of  Australia  on  the  Pacific 
portion  of  the  Journey.  However,  a  very  active 


monsoon  trough  present  in  the  western  North  Pacific 
at  this  time  forced  a  change  in  plans.  Following 
coordination  with  JIWC,  Voyager  was  rerouted  north  of 
the  Mariana  Islands.  While  it  winged  its  way  west. 
Marge  continued  to  intensify.  Although,  at  one  point 
it  appeared  the  Voyager  might  have  to  terminate  its 
mission,  the  low-level  inflow  winds  into  Marge's 
center  actually  aided  in  the  flight.  Despite  some 
moderate  turbulence,  as  a  consequence  of  flying 
between  two  of  Marge's  spiral  bands  to  pick  up 
increased  tail  winds  of  35  kt  (65  km/hr).  Voyager  was 
able  to  reduce  fuel  consumption  and  speed  onward  to 
complete  a  successful  mission. 


TYPHOON  NORRIS  (26W) 


The  final  typhoon  of  1986,  Typhoon  Norris,  began 
as  Typhoon  Marge  (25W)  was  moving  through  the 
Caroline  Islands  and  south  of  Guam.  Norris  was  first 
detected  as  a  weak  low-level  circulation  in  the 
near-equatorial  trough  south  of  the  Marshall  Islands 
on  17  December.  Initially,  an  anticyclone  aloft  at 
low  latitudes  near  the  dateline  aided  the  development 
of  Norris  by  providing  a  favorable  low-shear 
environment . 

First  carried  on  the  Significant  Tropical 


Weather  Advisory  (ABPW  PGIV)  on  19  December  at  0600Z, 
the  disturbance  drifted  northwestward  while  its 
organization  and  convection  remained  minimal.  On  20 
December,  the  organization  began  to  Improve  and  at 
210300Z,  a  Tropical  Cyclone  Formation  Alert  was 
issued . 

The  first  warning  was  issued  on  21  December  at 
1200Z  on  Tropical  Depression  26W  when  Dvorak  analysis 
of  satellite  reconnaissance  indicated  30  kt  (15 
m/sec)  winds  were  present  (see  Figure  3-26-1). 


Figure  3-26-1:  This  enhanced  infrared  (E1R)  image  o] 
the  tropical  disturbance,  which  ultimately  became 
Typhoon  Norris,  shows  it  embedded  in  the 
near  equatorial  trough  (2107567.  December  DMSP 
infrared  imagery) 


Figure  3-26-2:  Vertical  shear  continues  to  force  the 
convection  towards  the  west  of  the  low-level  circulation 
center  (220400Z  December  NOAA  visual  imagery). 
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Figure  3-26-3.  Tropical  Storm  Norris  still  struggling  to 
get  organized.  The  low-level  circulation  center  is 
beginning  to  move  under  the  convection  (240338Z 
December  NOAA  visual  imagery). 


A3  Che  ridge  continued  to  build,  Norris  began 
fflovlng  away  from  the  forecast  track  and  towards  the 
west-southwest  on  Christmas  Day  (Figure  3-26-4).  The 
forecast  guidance  frcm  the  dynamic  Cue-Way 
Interactive  Tropical  Cyclone  Model  (OTCM)  and 
persistence  was  for  westward  movement.  Within 
12-hours  the  southwestward  drift  stopped  and  Norris 
once  again  began  moving  toward  the  west-ncrthwest . 
Aircraft  reconnaissance  on  25  December  found  the 
first  indications  of  a  developing  elliptical-shaped 
eye. 

As  Norris  moved  towards  the  west-ncrthwest,  the 
system  continued  to  intensify.  Winds  of  typhoon 
intensity  were  forecast.  Due  to  a  mid-latitude 
frontal  system  moving  off  the  Asian  mainland, 


expected  adjustment  of  the  subtropical  ridge,  and  an 
anticipated  track  change,  officials  in  the  southern 
Marianas  braced  for  the  worst.  However,  aircraft 
reconnaissance  at  approximately  261200Z  found  the 
movement  more  westward  than  we3t-northwestward .  Over 
the  next  12-hours  residents  of  the  southern  Marianas 
Islands  continued  to  wait  and  hope  that  Norris  would 
miss  them.  Norris  slipped  by  to  the  south,  passlrg 
within  100  nm  (185  km)  of  Guam.  Guam  experienced  50 
kt  (26  m/sec)  winds  and  localized  flooding,  but 
damage  was  minimal . 

After  by-passing  Guam  and  once  again  moving 
west-northwestward,  Norris  continued  to  develop  (see 
Figure  3-26-5).  Based  on  Dvorak  intensity  analysis 
of  65  kt  (34  m/sec).  Tropical  Storm  Norris  was 


Figure  3-26-4:  Norris  matures  and  moves  toward  the 
west-southwe  .  on  Christmas  Day  (250509Z  December 
NOAA  visual  imagery). 
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Figure  3-26-6.  Typhoon  Norris  at  maximum  intensity. 
The  forecast  track,  until  this  time,  indicated  that  Norris 
would  recurve  and  become  extratropical  (290000Z 
December  DMSP  visual  imagery). 


upgraded  to  Typhoon  Norris  at  270600Z.  Aircraft 
reconnaissance  at  271101Z  reported  an  eye  and  a  MSLP 
of  984  mb. 

Norris  continued  moving  northwestward  toward  the 
weakness  in  the  ridge  induced  by  the  passage  of  a 
mid-latitude  trough  moving  off  the  Asian  mainland. 
Previous  forecasts  had  indicated  continued  movement 
toward  the  west-northwest;  however,  as  the 
raid-latitude  trough  moved  further  south  and  ea3t, 
Norris’  forecast  track,  starting  with  the  280600Z 
warning,  was  altered  to  indicate  recurvature  and 
extratropical  transition. 

By  290000Z,  the  trough  moved  east  and  Norris 
reached  maximun  intensity  (see  Figure  3-26-6).  The 
AHWO  on  the  reconnaissance  fix  mission  earlier,  at 
282103Z,  observed  89  kt  (46  m/sec)  maximum  surface 


winds  and  a  MSLP  of  953  mb.  Norris,  which  was  caught 
along  the  edge  of  the  modifying  polar  air  and 
northwesterly  flow  in  the  Philippine  Sea,  abruptly 
changed  course  and  moved  southward  for  36-hours. 
Once  again  the  southwesterly  course  wa3  not  forecast 
or  addressed  beforehand  by  the  OTCM  guidance. 

At  301200Z,  Norris’  track  changed  to  due  west  as 
it  headed  towards  the  central  Philippine  Islands  (see 
Figure  3-26-7).  After  being  downgraded  to  tropical 
storm  intensity  at  301800Z,  Norris  moved  into  the 
South  China  Sea  and  continued  to  weaken.  By  010300Z 
January,  Norris  was  further  downgraded  to  a  tropical 
depression.  By  that  time,  strong  upper-level 
southeasterly  flow  had  exposed  the  low-level 
circulation  center.  Norris  dissipated  over  water  in 
the  South  China  Sea  on  January  2nd. 
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3.  NORTH  INDIAN  OCEAN  TROPICAL  CYCLONES 


Tropical  cyclone  activity  in  the  North  Indian 
Ocean  was  slightly  below  normal.  Three  significant 
tropical  cyclones,  all  of  tropical  storm  intensity, 
developed  as  compared  to  the  climatological  mean  of 
four.  These  systems  occurred  in  the  spring  and  fall 
transition  seasons,  which  normally  encompasses  the 
peak  of  the  activity.  Tables  3-^>  <*nd  3-6  provide  a 


of  Information 

for  198o  and  eoopariaon  »dth 

years. 

TABLE  3-5. 

NORTH 

INDIAN  OCEAN 

1  90D 

SIGNIFICANT  TROPICAL  CYCLONES 

CALENDAR 

NUMBER  OF 

MAXIMUM 

DAYS  OF 

WARNINGS 

SURFACE 

ESTIMATED 

TROPICAL  CYCLONE  PERIOD  OF  WARNING 

WARNING 

ISSUED 

WINDS-KT  CM/S) 

MS L P  -  MB 

TC  01 B 

07  JAN  -  1  1  JAN 

5 

17 

49  (23) 

991 

TC  02  B 

09  NOV 

1 

? 

90  (2b) 

9b  9 

TC  03A 

09  NOV  -  11  NOV 

3 

9 

“9  (23) 

990 

1906  TOTALS: 

8  * 

?b 

*  OVERLAPPING 

DAYS  INCLUDED  ONLY  ONCE  IN  SUM. 

table  3-6. 


FREQUENCY  OF  NORTH  INDIAN  OCEAN  TROPICAL  CYCLONES 


YEAR 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TOTAL 

1971* 

. 

. 

. 

0 

0 

0 

0 

1 

1 

0 

2 

1972* 

0 

0 

0 

? 

0 

0 

0 

0 

2 

0 

1 

0 

4 

1973* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

1 

4 

1 974  * 

C 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1975 

1 

0 

0 

0 

2 

0 

0 

0 

0 

1 

2 

0 

6 

1976 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

1 

5 

1977 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

2 

0 

5 

1978 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2 

0 

4 

1979 

0 

0 

0 

0 

1 

1 

0 

0 

2 

1 

2 

0 

7 

1980 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

2 

1981 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

3 

1982 

0 

0 

0 

0 

1 

1 

0 

0 

0 

2 

1 

0 

5 

1983 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

3 

1964 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2 

0 

4 

1985 

0 

0 

0 

0 

2 

0 

0 

0 

0 

2 

1 

1 

6 

1986 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

3 

1 1  97  5-1 966 ) 

AVERAGE 

0.2 

0. 

.0 

0 

.0 

0.1 

0, 

.8 

0.3 

0 

.0 

0.1 

0.3 

1.0 

1  .4 

0, 

■  3 

4.4 

CASES 

2 

0 

0 

1 

9 

4 

0 

1 

3 

12 

17 

4 

53 

*  JTWC  WARNING 

RESPONSIBILITY 

BEGAN 

ON 

4  JUN 

71 

FOR 

THE 

BAY 

OF 

BENGAL, 

,  EAST 

OF  90 

DEGREES 

EAST  LONGITUDE.  AS  DIRECTED  BY  CINCPAC,  JTWC  ISSUED  WARNINGS  ONLY  FOR  THOSE  TROPICAL 
CYCLONES  THAT  DEVELOPED  OR  TRACKED  THROUGH  THAT  PORTION  OF  THE  BAY  OF  BENGAL.  COMMENCING 
WITH  THE  1 973  TROPICAL  CYCLONE  SEASON,  JTWC'S  AREA  OF  RESPONSIBILITY  WAS  EXTENDED  WESTWARD 
TO  INCLUDE  THE  WESTERN  PORTION  OF  THE  BAY  OF  BENGAL  AND  THE  ENTIRE  ARABIAN  SEA. 


FORMATION  ALERTS:  3  OF  9  FORMATION  ALERTS  DEVELOPED  INTO  SIGNIFICANT  TROPICAL  CYCLONES. 
TROPICAL  CYCLONE  FORMATION  ALERTS  WERE  ISSUED  FOR  ALL  OF  THE  SIGNIFICANT  TROPICAL  CYCLONES 
THAT  DEVELOPED  IN  1986. 


WARNINGS:  NUMBER  OF  CALENDAH  WARNING  DAYS: 


NUMBER  OF  CALENDAR  WARNING  DAYS 
WITH  TWO  TROPICAL  CYCLONES: 


NUMBER  OF  CALENDAR  WARNING  DAYS 
WITH  THREE  TROPICAL  CYCLONES: 


*•  ,N  J- 
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FIRST  WARNING  ISSUED 
LAST  WARNING  ISSUED 


higure  •)IR  l  l far  partialis  ex. posed  /«>*  level  center  ,</  Tropieal  Culone  <>JH  *as  imated 
'i  utneiist .«/ Sn  Ixinka on  the  hth  of  Januars  l far  wstem  hh\  being  \fa\ired  h\  upper  le\el  fit** 
uiteJ  hi:/i  fropieal  Cselone  t'-JS  in  the  South,  w/ur/i  hoa  at  tsphoon  intensits  iU\n4n4/ 
Jarman  DMSP  s  usual  imagers) 


Figure  3-02B-I  Tropical  Cyclone  02B  was  the  only  tropical  cyclone  to  develop  in  the  Bay  of 
Bengal  during  the  fall  transition  season  Two  warnings  were  issued  on  the  system.  It  began  on  3 
November  as  a  disturbance  in  the  Bay  of  Bengal  approximately  60  nm  (III  km)  west  of  the 
Nicobar  Islands  Over  the  next  three  days  the  disturbance  continued  to  slowly  intensify  as  it 
trai  ked  toward  the  west  The  disturbance  then  curved  northward  and  skirled  the  Indian  coast 
Fast  analysis  indicated  tropical  storm  intensity  had  been  attained  12  hours  prior  to  the  issuance  of 
the  first  warning  at  090000 7.  Tropical  Cyclone  02B  continued  on  its  northeastward  track  and 
immediately  made  lanilfall  at  the  Canges  River  Delta  in  Bangladesh  at  0900007.  The  maximum 
intensity  of  it)  kt  1 26  m/secl  was  reached  just  prior  to  striking  the  coast  After  landfall.  Tropical 
Cyclone  02 B  weakened  rapidly  Damage  to  the  coastal  villages  in  Bangladesh  was  substantial 
( Iffuials  reported  1 1  dead  and  at  least  fifty  others  missing  as  a  result  of  heavy  flooding  and  wind 
gusts  of  up  to  kt  i  l  l  m  sec  l  The  image  above  shows  Tropical  Cyclone  02B  three  hours  after 
landfall  IH901M7.  November  DMSP  visual  imagery I 


BOMBAY 


TROPICAL  CYCLONE  03A 


Figure  3  -03 A  -  1  Tropical  Cyclone  03 A  was  the  only  significant  tropical  cyclone  to  develop  in  the 
Arabian  Sea  in  1986  It  was  first  carried  on  the  Significant  Tropical  Cyclone  Weather  Advisory 
(ABIO  PGTW)  on  November  1st  when  the  area  rapidly  improved  in  organization  On  November 
2nd.  the  first  Tropical  Cyclone  Formation  Alert  (TCFA)  was  issued.  Shear  over  the  disturbance 
suppressed  development  by  separating  the  low-level  circulation  center  and  the  upper-level 
anticyclone  On  6  November,  the  TCFA  was  cancelled  after  both  the  convection  and  organization 
had  decreased  Satellite  imagery  indicated  the  anticyclone  was  no  longer  evident  and  the 
upper  level  flow  was  unidirectional  over  the  disturbance  However,  on  8  November, 
redevelopment  occurred  Dvorak  intensity  analysis  of  satellite  imagery,  at  0803327..  indicated 
winds  of  33  kt  1 18  m/sec)  Satellite  imagery  12-hours  later  indicated  winds  of  43  kl  (23  miser) 
JTWC  issued  its  first  warning  on  Tropical  Cyclone  03 A  at  0906007..  Four  hours  after  the  first 
warning  was  issued,  satellite  imagery  once  again  indicated  shear  over  the  cyclone  with  a  separation 
of  73  nm  ( 139  km)  between  the  low  level  and  upper-level  circulation  centers  JTWC  issued  the 
final  warning  at  1 1 1 2007.  after  Tropical  Cyclone  03 A  lost  all  of  its  convection  Tropical  Cyclone 
03.4  dissipated  over  water  There  were  no  reports  of  damage.  The  satellite  picture  shows  Tropical 
Cyclone  03  A  in  the  Arabian  Sea  one  hour  before  the  first  warning  wits  issued  (0903 1 27  November 
DMSP  visual  imagery) 
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CHAPTER  IV  -  SUMMARY  OF  SOUTH  PACIFIC  AND 
SOUTH  INDIAN  OCEAN  TROPICAL  CYCLONES 


1  .  GENERAL 

Last  year  (1985)  was  the  first  year  that 
southern  hemisphere  tropical  cyclones  were  included 
in  the  Annual  Tropical  Cyclone  Report.  In 
retrospect,  the  JTVC  area  of  responsibility  (AOR)  wa3 
expanded  cn  1  October  1980  —  to  include  the  southern 
hemisphere  from  180  degrees  Longitude  westward  to  the 
east  coast  of  Africa.  Details  on  tropical  cyclones 
in  this  region  for  July  1980  to  June  1982  are 
contained  in  Diercks  et  al,  (1982).  For  the  July 
1982  through  June  1984  period,  reference  the 
NOCC/JTVC  TECH  NOTE  86-1.  As  in  earlier  reports, 
data  on  tropical  cyclones  forming  in,  or  moving  into, 
the  South  Pacific  Ocean  east  of  180  degrees 
Longitude,  which  is  the  Naval  Western  Oceanography 
Center  (NAVWESTOCEANCEU)  AOR,  are  included  for 
completeness. 

JTOC  provides  the  sequential  numbering  for  all 
South  Pacific  and  South  Indian  Ocean  significant 
tropical  cyclones.  The  current  convention  (as  stated 


in  USC I NCPAC INST  3140.1  (series))  for  labelling 
tropical  cyclones  that  develop  in  the  South  Indian 
Ocean  (west  of  135  degrees  East  Longitude)  is  to  add 
the  suffix  "S"  to  the  assigned  tropical  cyclone 
number,  while  those  originating  in  the  South  Pacific 
Ocean  (east  of  135  degrees  East  Longitude)  receive  a 
"P"  suffix.  The  nPn  3uffix  also  applies  to 
significant  tropical  cyclones  which  form  east  of  180 
degrees  Longitude  in  the  South  Pacific  Ocean.  Also, 
it  should  be  noted  that  to  en compass  the  southern 
hemisphere  tropical  cyclone  ; ’jason,  which  occurs  frem 
January  throu#i  April,  the  limits  of  each  tropical 
cyclone  year  are  defined  as  1  July  to  30  June.  Thus, 
the  1986  southern  hemisphere  tropical  cyclone  year  is 
frem  1  July  1985  to  30  June  1986.  (This  is  in 
contrast  to  the  convention  of  labelling  northern 
hemisphere  tropical  cyclones  which  is  based  on  the 
calendar  year  -  1  January  to  31  December  -  to  include 
the  seasonal  activity  frem  May  through  December.) 


TABLE  4-1  . 


SOUTH  PACIFIC  AND  SOUTH  INDIAN  OCEANS 
1986  SIGNIFICANT  TROPICAL  CYCLONES 


CALENDAR 

NUMBER  OF 

MAXIMUM 

BEST 

TRACK 

DAYS  OF 

WARNINGS 

SURFACE 

ESTIMATED 

DISTANCE 

TROPICAL  CYCLONE 

PERIOD  OF 

WARNING 

WARNING 

ISSUED 

WINDS-KT  (M/S) 

MSLP  -  MB 

TRAVELED  NM  (KM) 

01S 

23 

SEP 

_ 

29 

SEP 

7 

14 

40 

(21  ) 

994 

1470 

(2722) 

02S 

NICHOLAS 

27 

NOV 

- 

07 

DEC 

1 1 

21 

75 

(39) 

967 

1436 

(2659) 

03P 

15 

DEC 

- 

16 

DEC 

2 

3 

35 

(18) 

997 

1093 

(2024) 

ous 

DELIFININA 

07 

JAN 

- 

16 

JAN 

10 

19 

110 

(57) 

933 

1399 

(2591 ) 

05S 

COSTA 

07 

JAN 

- 

16 

JAN 

10 

18 

70 

(36) 

972 

1684 

(3119) 

06S 

08 

JAN 

- 

10 

JAN 

3 

5 

50 

(26) 

987 

553 

(1024) 

07S 

OPHELIA 

1 1 

JAN 

- 

13 

JAN 

3 

5 

35 

08) 

997 

3'7 

(  587) 

oes 

11 

JAN 

- 

1U 

JAN 

4 

7 

35 

(18) 

997 

900 

( 1 667 ) 

09S 

HECTOR 

19 

JAN 

- 

2U 

JAN 

5 

10 

45 

(23) 

991 

447 

(  828) 

10S 

PANCH0 

21 

JAN 

- 

22 

JAN 

2 

3 

35 

(18) 

990 

352 

(  652) 

np 

VERNON 

23 

JAN 

- 

25 

JAN 

2 

4 

50 

(26) 

987 

901 

(1669) 

12P 

WINIFRED 

29 

JAN 

- 

01 

FEB 

4 

7 

90 

(46) 

953 

526 

(  974) 

i  3S 

ERINESTA 

31 

JAN 

- 

10 

FEB 

11 

21 

115 

(59) 

927 

2282 

(4226) 

1  US 

FIL0MENA 

06 

FEB 

- 

10 

FEB 

5 

9 

55 

(28) 

984 

1020 

(1889) 

15P 

IMA 

06 

FEB 

- 

1  u 

FEB 

9 

18 

75 

(39) 

967 

2161 

(4002) 

1 6p 

JUNE 

07 

FEB 

- 

09 

FEB 

2 

5 

55 

(28) 

984 

825 

(1528) 

17P 

KELI 

08 

FEB 

- 

10 

FEB 

3 

5 

45 

(23) 

991 

1551 

(2872) 

1 8s 

RHONDA 

19 

FEB 

- 

20 

FEB 

2 

4 

55 

(28) 

984 

855 

(1583) 

1 9S 

CISTA 

19 

FEB 

- 

25 

FEB 

6 

12 

85 

(44) 

958 

1558 

(2885) 

20S 

SELWYN 

23 

FEB 

- 

25 

FEB 

3 

6 

55 

(28) 

984 

707 

(1  309) 

2 1  S 

TIFFANY 

27 

FEB 

- 

01 

MAR 

2 

4 

35 

(18) 

997 

628 

(1163) 

22S 

VICTOR 

03 

MAR 

- 

09 

MAR 

7 

13 

105 

(54) 

938 

1715 

(3176) 

23P 

LUSI 

03 

MAR 

- 

08 

MAR 

6 

12 

45 

(23) 

991 

1527 

(2828) 

2UR 

ALFRED 

03 

MAR 

- 

ou 

MAR 

2 

2 

30 

(15) 

1000 

1781 

(3298) 

2UP 

ALFRED* 

06 

MAR 

- 

09 

MAR 

3 

7 

45 

(23) 

991 

— 

— 

2bS 

H0N0RININA 

09 

MAR 

- 

16 

MAR 

8 

16 

110 

(57) 

933 

2741 

(5076) 

25S 

H0N0RININA* 

19 

MAR 

- 

20 

MAR 

2 

3 

35 

(18) 

997 

— 

— 

26S 

IARIHA 

13 

MAR 

- 

15 

MAR 

3 

4 

35 

(18) 

997 

317 

(  587  ) 

2?S 

JEFOTRA 

26 

MAR 

- 

01 

APR 

7 

14 

105 

(54) 

938 

211  4 

(3915) 

2*S 

KRISOSTOMA* 

08 

APR 

- 

13 

APR 

5 

10 

75 

(39) 

967 

1363 

(2524) 

29P 

MARTIN 

10 

APR 

- 

tu 

APR 

5 

1 1 

75 

(39) 

967 

1401 

(2595) 

3  OP 

— 

16 

APR 

- 

16 

APR 

1 

2 

30 

(15) 

1000 

760 

(1408) 

3' 3 

MANIJ 

2  3 

APR 

- 

26 

APR 

4 

7 

70 

(36) 

972 

546 

(101  1  ) 

32  S 

BILLY# 

06 

MAY 

- 

12 

MAY 

8 

14 

95 

(49) 

948 

1534 

(2841  ) 

3  3? 

NAMu 

17 

MAY 

- 

^3 

MAY 

6 

13 

85 

(44) 

958 

1444 

(2674) 

1 986 

TOTALS: 

173 

328 

•  REGENERATED 

TROPICAL  CYCLONE  28S  (KRISOSTOMA)  WAS  ALSO  NAMED  ALISON. 

♦  TROPICAL  CYCLONE  32S  (BILLY)  WAS  ALSO  NAMED  LILA. 

NOTE:  NAMES  OF  CYCLONES  GIVEN  BY  REGIONAL  WARNING  CENTERS  (NANDI.  BRISBANE,  DARWIN,  PERTH 
AND  MAURITIUS)  AND  APPENDED  TO  JTWC  WARNINGS.  WHEN  AVAILABLE. 
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2.  SOUTH  PACIFIC  AND  SOUTH  INDIAN  OCEAN  TROPICAL  CYCLONES 


The  1986  year  (1  July  1985  through  30  June  1986) 
was  unusually  active,  with  33  tropical  cyclones  (see 
T^ble  4-1)  reaching  warning  status.  This  did  not 
exceed  the  total  of  35  tropical  cyclones  for  1985  (1 
July  1984  -  30  June  1985)  which  was  the  busiest  year 
to  date  for  JTVC.  Three  tropical  cyclones  occurred 
in  the  South  Pacific,  east  of  165  degrees  East 
Longitude,  which  is  only  half  the  long-term  mean. 
The  Australian  area  (105  to  165  degrees  East 
Longitude)  accounted  for  16  tropical  cyclones 
compared  to  the  climatological  mean  of  10.3  -  five 
more  than  normal .  Fourteen  tropical  cyclones 
developed  in  the  South  Indian  Ocean,  which  is  nearly 
six  more  than  the  long-term  mean  of  8.4  cyclones  (see 
Tables  4-2  and  4-3). 

Meteorological  satellite  surveillance  of 
tropical  cyclones  has  been  updating  climatologies 
since  the  early  1960s.  (This  meteorological  watch 
from  space  detects  tropical  cyclones  that  might  have 
previously  gone  undetected  over  the  conventional  data 
sparse  oceanic  areas.)  Thus,  tropical  cyclone 
climatologies  3hould  benefit  frcm  increased 


surveillance  from  space  in  sane  areas,  for  exanple, 
the  South  Indian  Ocean. 

Caveat:  Intensity  estimates  for  southern 
hemisphere  tropical  cyclones  are  derived  primarily 
from  satellite  Imagery  evaluation  (Dvorak,  1984)  and 
from  intensity  estimates  reported  by  other  regional 
centers.  Only,  in  very  rare  instances  are  the 
intensity  estimates  based  on  surface  observational 
data.  Estimates  of  the  minimum  sea-level  pressure 
are  usually  derived  frcm  the  Atkinson  and  Holliday 
(1977)  relationship  between  the  maxima  sustained 
one-minute  surface  wind  and  the  minima  sea-level 
pressure  (Table  4-4).  This  relationship  has  been 
shown  to  be  representative  for  tropical  cyclones  in 
the  western  North  Pacific  and  is  also  used  by  the 
Australian  regional  warning  centers  to  provide 
intensity  estimates.  However,  since  these  pressure 
estimates  are  usually  based  on  wind  intensities  that 
were  derived  from  interpretation  of  satellite 
imagery,  considerable  caution  should  be  exercised 
when  using  these  resultant  pre33ure  values  in  future 
tropical  cyclone  work. 


TABLE  4-2. 

YEAR 

JAN 

FREQUENCY  OF 

FEB  MAR 

CYCLONES 

APR 

BY 

MAY 

MONTH  AND 

JUN 

YEAR 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TOTAL 

0959  -  1978) 

AVERAGE* 

— 

— 

— 

0.4  1 

.5 

3.6 

6.1 

5.8 

4.7 

2.1 

0.5 

—  ~ 

24.7 

1981 

0 

0 

0 

1 

3 

2 

6 

5 

3 

3 

1 

0 

24 

1982 

1 

0 

0 

1 

1 

3 

9 

4 

2 

3 

1 

0 

25 

1983 

1 

0 

0 

1 

1 

3 

5 

6 

3 

5 

0 

0 

25 

19  84 

1 

0 

0 

1 

2 

5 

5 

10 

4 

2 

0 

0 

30 

1966 

0 

0 

0 

0 

1 

7 

9 

9 

6 

3 

0 

0 

35 

1986 

0 

0 

1 

0 

1 

1 

9 

9 

8 

4 

2 

0 

33 

0961  -  1986) 

AVERAGE 

0.5 

0.0 

0.2 

0.7  1 

.5 

3.5 

7.2 

7.2 

4.3 

3.3 

0.7 

0.0 

28.7 

CASES 

3 

0 

1 

4 

9 

21 

43 

43 

26 

20 

4 

0 

172 

•  (GRAY,  1979) 

TABLE  4-3. 

YEARLY  VARIATION 

OF  TROPICAL  CYCLONES  BY  OCEAN  BASIN 

YEAR 

( 1 05E  WESTWARD) 
SOUTH  INDIAN 

( 105E-165E) 
AUSTRALIAN 

< 1 6 5E  EASTWARD) 
SOUTH  PACIFIC 

TOTAL 

(1959  -  1978) 

AVERAGE* 

8.4 

10.3 

5.9 

24.6 

_ 

— 

— 

— 

— 

1981 

13 

8 

3 

24 

1982 

12 

1 1 

2 

25 

1983 

7 

6 

12 

25 

1984 

1  4 

1  4 

2 

30 

1985 

14 

15 

6 

35 

1986 

1  4 

16 

3 

33 

(1981  -  1986) 

12.3 

11  .7 

4.7 

28.7 

AVERAGE  1 

CASES 

74 

70 

28 

172 

•  (GRAY,  1979) 
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TABLE  4-4 


MAXIMUM  SUSTAINED  SURFACE  WINDS  VERSUS  MINIMUM  SEA- 
LEVEL  PRESSURE  (ATKINSON  AND  HOLLIDAY,  1977) 


MAXIMUM  SUSTAINED  EQUIVALENT  MINIMUM 

SURFACE  WIND  (KT)  SEA-LEVEL  PRESSURE  (MB) 


30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

170 


1000 

997 

994 

991 

987 

984 

980 

976 

972 

967 

963 

958 

953 

948 

943 

938 

933 

927 

922 

916 

910 

904 

898 

892 

885 

879 

872 

865 

858 


•iaioivii 


MAXIMUM  SUSTAINED  SURFACE  WIND 

-  S4KT  (33M/S)  OR  GREATER 
— — — —  34  TO  S3KT  (IS  TO  32M/8) 
— — —  33KT  (17M/81  OR  LES8 


CHAPTER  V  -  SUMMARY  OF  FORECAST  VERIFICATION 


I.  ANNUAL  FORECAST  VERIFICATION 


a .  Western  North  Pacific  Ocean 


The  position  given  for  warning  times  end  those 
at  tne  e'4- .  48-  and  72-nour  forecast  times  wer-e 

verified  against  the  final  best  track  positions  at 
the  same  valid  times.  "Idle  (scalar)  forecast,  cross 
track  and  along  track  errors  (illustrated  in  Figure 
8-15  were  then  calculated  for  each  tropical  cyclone 
and  are  presented  in  Tables  8-1A.  8-1B,  5-1C  and 
5-id.  Figure  8-?  provides  the  frequency 

distributions  of  forecast  errors  in  30  nm  increments 


for  c  4-,  48-,  and  7<?-hour  forecasts  of  all  ly8b 

tropical  cyclones  in  the  western  North  Pacific.  A 
summation  of  the  mean  forecast  errors,  as  calculated 
for  all  tropical  cyclones  in  each  year,  is  shown  in 
I  able  p-C A.  Table  8-BB  includes  cross  track  and 
alorg  track  errors  for  198b.  A  comparison  of  the 
annual  mean  forecast  errors  for  all  tropical  cyclones 
as  compared  to  those  tropical  cyclones  that  reached 
typhoon  intensity  can  be  seen  in  Table  8-3.  The  mean 
and  median  forecast  errors  Tor  198b  as  compared  to 
the  ten  previous  years  are  graphed  in  Figure  8-3 • 


Bc.[  Track 


Tangcm  lo 
Bern  Track 


Force  ael 
Posiiion 


Ve ri  f i y  mg 
Position 


w 

ATE 
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Figure  51  Definition  of  cross  track  error  (CTE). 
along  track  error  (ATE)  and  forecast  track  error  IFTE). 
In  this  example,  the  CTE  is  positive  (to  the  right  of  the 
Best  Track)  and  the  ATE  is  negative  (behind  or  slower 
than  the  Best  Track ) 


INITIAL  POSITION  ERROR  SUGARY  FOR  THE  WESTERN  NORTH  PACIFIC 
SIGNIFICANT  TROPICAL  CYCLONES  OF  1986  (ERRORS  I*  NM) 


TROPICAL  CYCLONE 

NUMBER 

OF 

ERROR 

WARNINGS 

(01W) 

TY  JUDY 

16 

21 

( 02W ) 

TY  KEN 

17 

18 

(03H) 

STY  LOLA 

1  1 

26 

(ONW) 

TS  MAC 

13 

16 

(05W) 

TY  NANCY 

23 

16 

(06W) 

TS  OWEN 

16 

17 

(07W) 

STY  PEGGY 

11 

36 

(O0H) 

TY  ROGER 

1? 

19 

(09W) 

TS  SARAH 

66 

22 

(ME) 

TY  GEORGETTE 

1  6 

26 

(low) 

TY  TIP 

2*» 

26 

(HU) 

TS  VERA  #’ 

6« 

7 

( nu) 

TY  VERA  92 

17 

N8 

( i  2w  ; 

TY  WAYNE 

1  k 

67 

:  1 3«) 

TY  ABBY 

19 

30 

.  1  AW) 

TY  BEN 

22 

kb 

M  5W) 

TY  CARMEN 

16 

27 

6w ) 

TS  DOM 

26 

1  1 

M7W  , 

TY  ELLEN 

1  u 

<  ? 

•'  i  8w 

TY  FORRE  T 

i  b 

1  9 

'  1  MW  : 

TS  CEO  P  i)  A 

’0 

1 6 

'  2  0W 

TS  HERBER¬ 

26 

i  6 

'  r  ’  W. 

TS  IDA 

u 

*2 

1  22V 

TY  JOE 

12 

2  k 

■  k-'  jW 

sty  k;m 

16 

62 

•  k;*»W  • 

TS  LEX 

3* 

h 

6w  > 

TY  MARGE 

El 

.  ■  *j  w  . 

TY  NCRP)'. 

1  7 

4  1 

_ 

_ 

MEAN  21 

TOTAL  7 k 3 

A 

-  *  V' 


tabu  5-ib. 


2  A -HOUR  FORECAST  ERROR  SWNURY  FOR  THE  HESTER!  NORTH  PACIFIC 
SIGNIFICANT  TROPICAL  CTC LORES  OF  1986  (ERRORS  I!  MM) 


TROPICAL  CYCLONE  FORECAST  NUMBER  ALORC  TRACK  CROSS  TRACK 

ERROR  OF  ERROR  ERROR 

WARNINGS  ABS  HAG  •  BIAS  M  AES  HAG  *  BIAS 


(01  W) 

7Y  JUDY 

138 

'7 

8* 

-56 

93 

-78 

(02W) 

TY  KEN 

78 

'5 

62 

11 

31 

-16 

(03W) 

STY  LOLA 

130 

22 

10* 

-86 

63 

-*3 

(oew) 

TS  MAC 

'23 

11 

96 

-56 

55 

1 1 

(05W) 

TY  NANCY 

10* 

11 

95 

-92 

32 

20 

(06  W) 

TS  OWEN 

70 

14 

63 

-15 

22 

-9 

(07V) 

STY  PEGGY 

68 

31 

36 

-1 

*7 

29 

(08*) 

TY  ROGER 

75 

15 

59 

-19 

33 

-18 

(09W) 

TS  SARAH 

273 

18 

208 

-177 

'53 

-10* 

O  IE) 

TY  GEORGETTE 

15A 

19 

9* 

-78 

87 

-72 

now) 

TY  TIP 

180 

23 

1  )* 

-96 

107 

-107 

(nm 

TS  VERA  #1 

150 

5 

76 

27 

123 

122 

<nw) 

TY  VERA  #2 

'3' 

** 

96 

-67 

76 

29 

da) 

TY  WAYNE 

12* 

59 

101 

-89 

5* 

0 

(13W) 

TY  ABBY 

10* 

26 

79 

-37 

51 

38 

(MW) 

TY  BEN 

112 

*2 

61 

-2 

81 

-42 

(MW) 

TY  CARMEN 

8* 

23 

57 

-17 

5* 

18 

06W) 

TS  DOM 

66 

9 

56 

-12 

7* 

-66 

(17W) 

TY  ELLEN 

78 

29 

*2 

-* 

5* 

-2 

(18W) 

TY  FORREST 

196 

16 

171 

-158 

58 

-17 

(19W) 

TS  GEORGIA 

92 

1* 

67 

-61 

*6 

*6 

(20W) 

TS  HERBERT 

89 

11 

31 

11 

77 

32 

(21W) 

TS  IDA 

'39 

19 

87 

-66 

8* 

-2* 

(22W) 

TY  JOE 

'69 

22 

85 

2* 

1*2 

62 

(23W) 

STY  KIM 

1 16 

51 

82 

-36 

76 

13 

(2*W) 

TS  LEX 

78 

7 

41 

7 

62 

-48 

( 25W) 

TY  MARGE 

'30 

33 

92 

-59 

68 

33 

(26W) 

TY  NORRIS 

"8 

39 

8* 

-75 

73 

'3 

TOTALS 

T21 

6*5 

-50 

"70 

*  ABS  HAG  «  Absolute  Magnitude  (distance) 

*•  BIAS  Is  the  aedlan  (middle  value)  of  the  sample. 

Note:  To  Measure  forecast  content  with  relation  to  a  tropical  cyclone  track 
reference  frame  cross  track  and  along  track  errors  components  have  been 
generated  in  addition  to  the  usual  forecast  errors.  Specifics  follow: 

1.  Cross  track  error  component  is  a  measure  of  how  far  a  warning  position  is 
displaced  left  or  right  of  the  best  track  position.  The  samples  consist  of  two 
parts:  the  absolute  eagnltude  (distance)  and  the  bias  (negative  values  (minus 
sign)  were  left  of  track  and  positive  values  (plus  sign)  were  right  of  track). 

2.  Along  track  error  component  is  a  measure  of  how  far  the  warning  position 
was  displaced  ahead  or  behind  the  best  track  position.  It  also  consists  of  two 
parts:  the  absolute  magnitude  (distance)  and  the  bias  (negative  values  (minus 
sign)  were  behind/slow  and  positive  values  (plus  sign)  were  tfiead/fast). 


TABLE  5-' C. 

48-HOUR  FORECAST 

ERROR  SINNtARY 

FOR  THE  WESTERN  NORTH 

PACIFIC 

SIGNIFICANT  TROPICAL  CYCLONES  OF  1986  (ERRORS  IN 

NM) 

TROPICAL  CYCLONE 

FORECAST 

NUMBER 

ALONG  TRACK 

CROSS  TRACK 

ERROR 

OF 

ERROR 

ERROR 

WARNINGS 

ABS  MAG  BIAS 

ABS  HAG  BIAS 

(01W) 

TY  JUDY 

33' 

11 

310 

-316 

85 

-75 

(02W) 

TY  KEN 

'78 

1* 

125 

-29 

86 

-88 

(03W) 

STY  LOLA 

326 

18 

292 

-300 

105 

-70 

(04W) 

TS  MAC 

188 

7 

1*7 

-22 

103 

-79 

(05W) 

TY  NANCY 

198 

7 

180 

-173 

60 

** 

(06W) 

TS  OVEN 

1*0 

10 

11* 

-6* 

72 

-33 

(07W) 

STY  PEGGY 

172 

27 

100 

8 

117 

1 10 

(08W) 

TY  ROCER 

105 

9 

83 

-1* 

58 

-38 

(09W) 

TS  SARAH 

671 

1* 

507 

-497 

*05 

-39* 

(HE) 

TY  GEORGETTE 

363 

17 

187 

-63 

267 

-269 

HOW) 

TY  TIP 

4*7 

18 

362 

-370 

19* 

-191 

(11W) 

TS  VERA  #1 

226 

1 

207 

— 

91 

— 

(11W) 

TY  VERA  #2 

289 

*0 

207 

-137 

169 

7* 

( '  2W ' 

TY  WAYNE 

27* 

*6 

237 

-215 

109 

*9 

( '  3W) 

TY  ABBY 

160 

22 

9* 

9 

107 

81 

(MW) 

TY  BEN 

20* 

38 

12* 

26 

'3' 

-33 

(15W) 

TY  CARMEN 

1*0 

19 

10* 

-70 

68 

t* 

(16W) 

TS  DOM 

60 

* 

18 

-* 

50 

-36 

( 17W) 

TY  ELLEN 

159 

25 

65 

17 

'35 

*1 

( 1 8W) 

TY  FORREST 

3*5 

12 

308 

-257 

12* 

-57 

(19W) 

TS  GEORGIA 

226 

12 

192 

-19* 

101 

99 

(20W) 

TS  HERBERT 

'30 

8 

106 

103 

55 

26 

(21W) 

TS  IDA 

236 

'5 

1*7 

-'23 

1*7 

-55 

(22W) 

TY  JOE 

508 

18 

227 

-22 

*2* 

-33 

(?3W) 

STY  KIM 

280 

51 

167 

-62 

210 

-5* 

(?*W) 

TS  LEX 

'89 

7 

131 

-1  17 

112 

-2* 

(25W) 

TY  MARGE 

233 

30 

168 

-97 

139 

89 

(26W) 

TY  NORRIS 

25* 

35 

171 

-15' 

168 

108 

TOTALS 

261 

535 

T83 

-H5 

*151 

TAB LI  5-ID. 

72-HOUR  FORBCAST 

ERROR  SUMHARY 

FOR  THE  WESTERN  NORTH 

PACIFIC 

SIGNIFICANT 

TROPICAL  CYCLONES  OP  1986  (ERRORS  IX 

MM) 

TROPICAL  CYCLOWI 

FORECAST 

NUMBER 

ALONG  TRACK 

CROSS  TRACK 

ERROR 

OF 

ERROR 

ERROR 

WARMINGS 

ABS  NAG  BIAS 

ABS  HAG  BIAS 

(01W) 

TY  JUDY 

599 

9 

586 

-59* 

92 

-23 

(o  a) 

TY  KEN 

288 

1* 

18* 

80 

179 

25 

(03  to 

STY  LOLA 

581 

1* 

560 

-576 

127 

-27 

(OAK) 

TS  MAC 

89 

3 

82 

*3 

31 

-10 

(05W) 

TY  NANCY 

521 

3 

*98 

-505 

101 

100 

(06W) 

TS  OVEN 

128 

6 

67 

-»7 

82 

-17 

(07W) 

STY  PEGGY 

332 

23 

163 

7 

257 

252 

(0«N) 

TY  ROGER 

198 

5 

15* 

-155 

101 

-103 

(09W) 

TS  SARAH 

800 

8 

530 

-5*0 

585 

-59* 

0  IK) 

TY  GEORGETTE 

37* 

16 

219 

101 

276 

-263 

(10W) 

TY  TIP 

77* 

16 

5** 

-518 

*20 

-369 

(11N) 

TS  VERA  #1 

— 

0 

— 

— 

—  - 

— 

(11H) 

TY  VERA  #2 

5*3 

36 

363 

-253 

3*0 

-10 

(12W) 

TY  WAYNE 

*68 

38 

390 

-377 

196 

119 

(13M) 

TY  ABBY 

225 

18 

158 

83 

1*7 

11* 

(1*¥) 

TY  BEN 

261 

32 

139 

38 

190 

-133 

(15W) 

TY  CARMEN 

173 

15 

1*1 

-138 

73 

-21 

(16W) 

TS  DOM 

29 

1 

2* 

— 

17 

— 

<17W) 

TY  ELLEN 

291 

21 

139 

17 

227 

36 

<1«W) 

TY  FORREST 

*27 

6 

353 

-388 

172 

-176 

(19W) 

TS  GEORGIA 

*02 

8 

35* 

-356 

205 

202 

(20M) 

TS  HERBERT 

217 

* 

13* 

133 

162 

-28 

(21 W) 

TS  IDA 

325 

11 

211 

-207 

205 

-35 

(2211) 

TY  JOE 

*31 

8 

113 

-104 

33* 

-2*6 

(23W) 

STY  KIM 

*88 

31 

355 

1* 

317 

-153 

<2*W) 

TS  LEX 

*16 

7 

366 

-369 

183 

183 

(25W) 

TY  MARGE 

288 

26 

180 

-105 

189 

150 

(26m  ) 

TY  NORRIS 

33* 

31 

21* 

-151 

224 

214 

_ _ 

TT5 

TOTALS 

39* 

*12 

276 

-170 

227 

TABLE  5-2 A. 

YEAR 

ANNUAL  MEAN  FORECAST  ERRORS  FOR  THE  WESTERN  NORTH  PACIFIC 

24-HOUR  48-HOUR  72-HOUR 

FORECAST  RIGHT-ANGLE  FORECAST  RIGHT-ANGLE  FORECAST  RIGHT-ANGLE 

1971 

111 

6* 

212 

118 

317 

117 

1972 

117 

72 

2*5 

1*6 

381 

210 

1973 

108 

7* 

197 

13* 

253 

162 

197* 

120 

78 

226 

157 

3*8 

2*5 

1975 

138 

8* 

28 8 

181 

*50 

290 

1976 

117 

71 

230 

132 

338 

202 

1977 

1*8 

83 

283 

157 

*07 

228 

1978 

127 

75 

271 

179 

*10 

297 

1979 

1  2* 

77 

226 

151 

316 

223 

1980 

126 

79 

2*3 

16* 

389 

287 

1981 

« 

123 

75 

220 

119 

33* 

168 

1982 

• 

113 

67 

237 

139 

3*1 

206 

1983 

• 

117 

72 

259 

152 

*05 

237 

198* 

• 

117 

66 

233 

137 

363 

231 

1985 

* 

117 

66 

231 

13* 

367 

21* 

1986 

121 

«■ 

261 

«v 

39* 

tt 

•  THE 

TECWIQUE  FOR  CALCULATING  RIGHT 

-ANGLE  ERROR 

MAS  REVISED 

IN  1981; 

THEREFORE, 

A  DIRECT 

CORRELATION  IN 

RIGHT-ANGLE  STATISTICS  CANNOT  BE  MADE 

FOR 

THE 

ERRORS  COMPUTED 

BEFORE  1981 

AND  THE  ERRORS  COMPUTED 

SINCE  1981 . 

••  IM  1986 

RIGHT-ANGLE 

ERROR  WAS  REPLACED  BY  CROSS 

TRACK  ERROR 

(SEE  FIGURE 

5-1 

FOR 

THE  DEFINITION  I 

OF  CROSS  TRACK  ERROR). 

L-tvvv_y_ 


TABLE  5-2B. 

1986 

MEAN  FORECAST,  CROSS 

TRACK  AND  ALONG 

TRACK  ERRORS 

FOR 

THE  WESTERN  NORTH  PACIFIC.  (ERRORS  IN 

NM) 

FORECAST  ERROR: 

CROSS 

TRACK 

ALONG 

TRACK 

FORECAST 

ABS  MAG 

BIAS 

ABS  MAG 

BIAS 

2‘1-HOUR 

121 

70 

(-9) 

85 

(-50) 

R8-H0UR 

261 

151 

(-12) 

183 

(-115) 

72-HOUR 

39“ 

227 

(-12) 

276 

(-170) 

TABLE  5-3- 

TEAR 

ANNUAL  MEAN  FORECAST  ERRORS 
(ERRORS  ARE  IN 

2* -HOUR  *8 

ALL  TYPHOON*  all 

FOR  THE  WESTERN  NORTH  PACIFIC 

NAUTICAL  MILES) 

-HOUR  72-HOUR 

TYPHOON*  ALL  TYPHOON* 

mO- *958 

170 

1959 

117  •• 

267  •• 

I960 

177  •• 

35*  ** 

19t! 

136 

27* 

196? 

l*« 

287 

*76 

'  963 

127 

2*6 

37* 

'  96* 

5  33 

28* 

*29 

1965 

151 

303 

*18 

1966 

i  36 

280 

*32 

1967 

125 

276 

*1  « 

1968 

105 

229 

337 

1969 

1 1 1 

2  37 

3*9 

1970 

10* 

98 

190 

181 

279 

272 

1971 

11  I 

99 

212 

203 

317 

308 

1 97? 

117 

1 16 

2*5 

2*5 

381 

382 

|  1973 

108 

102 

197 

»93 

253 

2*5 

197* 

120 

T  T* 

226 

218 

3*8 

357 

1975 

<38 

129 

288 

279 

*50 

**2 

1  1976 

117 

M7 

230 

2  32 

338 

336 

1977 

1*8 

1*0 

283 

266 

*07 

390 

1978 

127 

120 

271 

2*1 

*10 

*59 

1979 

12* 

113 

226 

219 

316 

319 

1980 

126 

1  16 

2*3 

221 

389 

362 

1981 

123 

117 

220 

215 

33* 

3*2 

198? 

1»3 

11* 

237 

229 

3*1 

337 

1983 

117 

110 

259 

2*7 

*05 

38* 

198* 

117 

110 

233 

228 

363 

361 

1985 

117 

112 

23' 

228 

367 

355 

1986 

121 

117 

261 

26  r 

39* 

*03 

•  Forecasts 

were  verified  when  the  Tropical  Cyclone  Intensities  were  over  35  1 

(18  «/sec). 

|  "  Forecast 

positions  north  of  38  degrees  North  Latitude  were  not  verified.  | 

Western  North  Pacific  Errors 


Figure  5  -3  Annual  mean  forecast  errors  (in  nm)  for  all 
tropical  cyclones  in  the  western  North  Pacific 


North  Indian  Ocean 


The  positions  given  for  warning  times  and  those 
at  the  24-,  48-,  and  72-hour  valid  times  were  verified 
for  tropical  cyclones  in  the  North  Indian  Ocean  by  the 
same  methods  used  for  the  western  North  Pacific.  It 
3hould  be  noted  that  due  to  low  nuober  of  North  Indian 
Ocean  tropical  cyclones,  these  error  statistics  should 
not  be  taken  as  representative  of  any  trend.  Table 


5-4  is  the  forecast  along  track  and  cross  track  error 
sumnary  for  the  North  Indian  Ocean.  Table  5-5A 
contains  a  summary  of  the  annual  mean  forecast  errors 
for  each  year.  Table  5-5B  includes  cross  and  along 
track  error  for  1986.  Forecast  errors  are  plotted  in 
Figure  5-4  (Seventy-two  hour  forecast  errors  were 
evaluated  for  the  first  time  in  1979).  There  were  no 
verifying  72-hour  forecast  in  1983  and  1985. 


TABLE  5-*.  FORECAST  ERROR  SUMMARY  FOR  THE  NORTH  INDIAN  OCEAN 

SIGNIFICANT  TROPICAL  CYCLONES  OF  i<*8b  (ERRORS  IN  HM) 


INITIAL  POSITION 


TROPICAL 

CYCLONE 


NUMBER  OF 
WARNINGS 


2* -HOUR  FORECASTS 


TROPICAL 

CYCLONE 


ALONG  TRACK 
ERROR 


CROSS  TRACK 
ERROR 


TROPICAL 

CYCLONE 


FORECAST 

ERROR 


TROPICAL 

CYCLONE 


FORECAST 

ERROR 


ABS  MAG 

BIAS 

ABS  MAG 

BIAS 

59 

-96 

*6 

-  A 1 

-250 

69 

68 

118 

-1  17 

93 

-7 

FORECASTS 

ALONG  TRACK 

CROSS  TRACK 

ERROR 

ERROR 

ABS  MAG 

BIAS 

ABS  MAG 

BIAS 

89 

-89 

7* 

-79 

38* 

N/A  • 

113 

N/A  • 

_ 

_ 

131 

-89 

80 

-75 

FORECASTS 

ALONG  TRACK 

CROSS  TRACK 

ERROR 

ERROR 

ABS  MAG 

BIAS 

ABS  MAG 

BIAS 

•  SAMPLE  TOO  SMALL  TO  COMPUTE  MEDIAN  FOR  BIAS. 


TABLE  5- 

5A. 

ANNUAL 

MEAN  FORECAST  ERRORS  FOR  THE  NORTH  INDIAN  OCEAN 

2*-HOUR 

*8- 

HOUR 

72-HOUR 

YEAR 

FORECAST  RIGHT-ANGLE 

FORECAST 

RIGHT-ANGLE 

FORECAST  RIGHT -ANGLE 

1971 

• 

23? 

• _ 

*10 

... 
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2.  COMPARISON  OF  OBJECTIVE  TECHNIQUES 


a.  General 

Objective  techniques  used  by  JTVC  are  divided 
into  five  main  categories: 

(1)  extrapolation; 

(2)  climatological  and  analog  techniques; 

(3)  model  output  statistics; 

(4)  dynamic  models;  and 


Pacific  Ocean,  three  forecasts  of  position  and 
Intensity  are  provided  for  24-,  48-,  and  72-hours: 
RBCR  -  a  weighted  mean  of  all  tropical  cyclones  which 
were  categorized  as  "recurving"  during  their  best 
track  period;  SIRA  -  a  weighted  mean  of  all  accepted 
tropical  cyclones  which  were  categorized  as  moving 
"straight"  (westward)  during  their  best  track  period: 
TOTL  -  a  weighted  mean  of  all  accepted  tropical 
cyclones,  lncludir^  those  used  In  the  RBCR  and  STRA 
forecast.  For  the  North  Indian  Ocean,  a  single 
(total)  forecast  track  is  provided  for  the  12-hour 
Intervals  to  72-hours. 


(5)  empirical  and  analytical  techniques; 

In  Septentoer  1981,  JT\C  began  to  Initialize  its 
array  of  objective  forecast  techniques  (described 
below)  on  the  six-hour  old  preliminary  best  track 
position  (an  lnterpolative  process)  rather  than  the 
forecast  (partially  extrapolated)  warning  position, 
e.g.  the  0600Z  warning  is  now  sipported  by  objective 
techniques  developed  from  the  0000Z  preliminar7  best 
track  position.  This  operational  change  has  yielded 
several  advantages: 

•Techniques  can  now  be  requested  mich  earlier  in 
the  warning  development  time  line.  l.e.  as  soon  as  the 
track  can  be  approximated  by  one  or  more  fix  positions 
after  the  valid  time  of  the  previous  warning; 

•Receipt  of  these  techniques  is  virtually  assured 
prior  to  the  development  of  the  next  wamirg;  and 

•Inproved  (mean)  forecast  accuracy.  This  latter 
aspect  arises  because  JTVC  now  has  more  reliable 
approximation  of  the  short-term  tropical  cyclone 
movement.  Further,  since  most  of  the  objective 
techniques  are  biased  towards  persistence,  this  new 
procedure  optimizes  their  performance  and  provides 
more  consistent  guidance  on  short-term  movement, 
indirectly  yielding  a  more  accurate  initial  position 
estimate  as  well  as  lowering  24-hour  forecast  errors. 

b.  Description  of  Objective  Techniques 

(1) .  XTRP  —  Forecast  positions  for  24-  and 
48-hours  are  derived  from  the  extension  of  a  straight 
line  which  connects  the  most  recent  and  12-hour  old 
preliminary  best  track  positions. 

(2) .  CLIM  —  A  climatological  aid  providing 
24-,  48-,  and  72-hour  tropical  cyclone  forecast 
positions  (and  intensity  changes  in  the  western  North 
Pacific)  based  upon  the  position  of  the  tropical 
cyclone.  The  output  is  based  upon  data  records  from 
1945  to  1981  for  the  western  North  Pacific  Ocean  and 
1900  to  1981  for  the  North  Indian  Ocean. 


(5) .  C09CS  —  A  model  output  statistics 
((©S)  routine  based  on  the  geos trophic  steering  at  the 
850- ,  700- ,  and  500-ab  levels.  The  steering  Is 
derived  from  the  HATIRACK  point  advectlon  model  run  on 
Global  prognostic  fields  from  the  FLQflJHXEANCQi's 
NOGAPS  prediction  system.  The  t©S  forecast  1s  then 
blended  with  the  6-hour  past  movement  to  generate  the 
forecast  track. 

(6) .  One-way  Interactive  Tropical  Cyclone 
Model  (OTCM)  —  A  coarse-mesh ,  three-layer  in  the 
vertical,  primitive  equation  model  with  a  205km  grid 
spacing  over  a  6400  x  4700  km  domain.  The  model's 
fields  are  computed  around  a  bogused,  digitized 
cyclone  vortex  using  FLfJIUMOCEANCEN's  Numerical 
Variational  Analysis  (NVA)  or  NOGAPS  prognostic  fields 
for  the  specified  valid  time.  The  past  motion  of  the 
tropical  cyclone  is  compared  to  Initial  steering 
fields  and  a  bias  correction  is  computed  and  applied 
to  the  model.  FLENUHXEANCEN '  3  N0GAPS  global 
prognostic  fields  are  used  at  12-hour  Intervals  to 
update  the  model's  boundaries.  The  resultant  forecast 
positions  are  derived  by  locating  the  850  mb  vortex  at 
six-hour  intervals  to  72-hours. 

(7) .  Nested  Tropical  Cyclone  Model  (NTCM)  — 
A  primitive  equation  model  with  properties  similar  to 
the  OTCM.  The  NTCM  differs  by  containing  a  finer 
scale  "nested  "grid,  initializing  on  NVA  analysis 
fields  only,  not  containing  a  (persistence)  bias 
correction,  and  being  a  channel  model  which  runs 
independent  of  FLEMJMOCEANCEN ' s  prognostic  fields 
(l.e.,  it  does  not  require  updating  of  its 
boundaries).  The  "nested  grid"  covers  a  1200  x  1200 
km  area  with  a  41  km  grid  spacing  which  moves  within 
the  coarse-mesh  domain  to  keep  an  850  mb  vortex  at  its 
center. 

(8) .  TAFT  —  An  empirical  technique  which 
utilizes  upper-tropospheric  wind  fields  to  estimate 
acceleration  associated  with  the  tropical  cyclone's 
interaction  with  the  mid- latitude  westerlies.  It 
Includes  guidelines  for  the  duration  of  acceleration, 
upper-limits,  and  probable  path  of  the  cyclone. 


(3) .  TPAC  —  Forecast  positions  are 
generated  from  a  blend  of  climatology  and  persistence. 
The  24-  and  48-hour  positions  are  equally  weighted 
between  climatology  and  persistence  and  three  quarters 
climatology  and  persistence,  respectively;  the  72-hour 
position  is  one  quarter  persistence  and  three  quarters 
climatology.  Persistence  is  a  straight  line  extension 
of  a  line  connecting  the  current  and  12-hour  old 
positions.  Climatology  Is  based  on  data  from  1945  to 
1981  for  the  western  North  Pacific  Ocean  and  1900  to 
1981  for  the  North  Indian  Ocean. 

(4) .  TYAN  —  An  updated  analog  program  which 
combines  the  earlier  versions  T7FN  75  and  INJAN  74. 
The  program  3cans  a  30-year  climatology  with  a  similar 
history  (within  a  specified  acceptance  envelope)  to 
the  current  tropical  cyclone.  For  the  western  North 


(9) .  CLIP®  —  A  statistical  regression 
technique  based  on  climatology,  current  Intensity, 
position  and  past  movement.  TR13  technique  is  used  as 
a  crude  measure  of  real  forecast  skill  when  verifying 
forecast  accuracy. 

(10) .  TKETA-E  —  An  enplrically  derived 
relationship  between  a  tropical  cyclone’s  minimum 
sea-level  pressure  (MSLP)  and  700  mb  equivalent 
potential  temperature  (TTieta-E)  was  developed  by 
Slkora  (1976)  and  IXinnavan  (1981).  By  monitoring  MSLP 
and  trends,  the  forecaster  can  evaluate  the  potential 
for  sudden,  rapid  deepening  of  a  tropical  cyclone. 

(11) .  WIND  RADIUS  —  Following  an  analytical 
model  of  the  radial  profiles  of  sea-level  pressures 
and  winds  in  mature  tropical  cyclones  (Holland,  1980). 
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a  set  of  radii  for  30- ,  50- ,  and  100-knot  winds  based 
on  the  tropical  cyclone’s  maximum  winds  have  been 
produced  to  aid  the  forecaster  in  determining  forecast 
wind  radii. 

(12).  DVORAK  —  An  estimation  of  tropical 
cyclone's  current  and  24-hour  forecast  intensity  is 
made  from  interpolation  of  satellite  imagery  (DVORAK, 
1964 )  and  provided  to  the  forecaster.  These  intensity 
estiuBtes  are  used  in  conjunction  with  other 
intensity-related  data  and  trends  to  forecast  tropical 
cyclone  Intensity. 

JTVC  uses  TP  AC,  TAPT,  TYAN78,  COSMOS,  OTCM  and 
NTCM  operationally  to  develop  track  forecasts. 


c.  Testing  and  Results 

A  comparison  of  selected  techniques  is  included 
in  Table  5-6  for  all  western  North  Pacific  tropical 
cyclones,  Table  5-7  for  all  North  Indian  Ocean 
tropical  cyclones.  In  these  tables,  "  x-axis  " 
refers  to  techniques  listed  vertically.  For  example 
(Table  5-6)  in  the  470  cases  available  for  a 
(homogeneous)  comparison,  the  average  forecast  error 
at  24-hours  was  124  ran  (230  km)  for  RECR  and  110  nm 
(204  km)  for  COSM.  The  difference  of  14  nm  (26  km) 
is  shown  in  the  lower  right.  (Differences  are  not 
always  exact,  due  to  computational  round-off  which 
occurs  for  each  of  the  cases  available  for 
comparison). 


TABLE  5-6. 


1986  ERROR  STATISTICS  FOR  SELECTED  OBJECTIVE  TECHNIQUES  IN  THE 
WESTERN  NORTH  PACIFIC  OCEAN 
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CHAPTER  VI  -  NAVENVPREDRSCHFAC  TROPICAL 
CYCLONE  SUPPORT  SUMMARY 


The  Advanced  Tropical  Cyclone  Model  (ATCM) 

(Hodur,  R.M.,  NAVENVPREDRSCHFAC) 

Hie  Advanced  Tropical  Cyclone  Model  (ATCM)  is 
being  developed  to  inprove  forecasts  of  tropical 
cyclone  paths  to  72-hours.  Hie  ATCM  is  really  the 
Navy  Operational  Regional  Atmospheric  Prediction 
System  (NCRAPS)  redesigned  to  run  optionally  as  a 
tropical  cyclone  model.  Given  this  redesign,  NDRAPS 
can  produce  forecasts  each  watch  for  a  given  region, 
such  as  the  tropical  western  Pacific,  and  if  the  ATCM 
option  1s  included,  any  and  all,  tropical  storms 
present  in  the  forecast  domain  will  be  bogused  into 
the  Initial  fields.  Hie  forecast  storm  position(s) 
will  be  computed  in  the  model  at  sane  selected 
interval  and  sent  to  JTWC  upon  completion  of  the 
forecast.  Forecast  fields  (e.g.,  sea-level  pressure, 
mean  Planetary  Boundary  Layer  (PEL)  winds)  can  be 
sent  also,  as  is  currently  done  for  all  NCRAPS  areas. 

Although  the  redesign  of  NCRAPS  to  function 
as  the  ATCM  is  complete,  the  exact  method  of  bogusing 
the  tropical  storm  has  not  yet  been  determined. 
Currently,  four  methods  of  bogusing  the  tropical 
storm  are  being  evaluated.  Other  tests  are  being 
conducted  to  evaluate  the  significance  of 
interactions  between  storms  which  occur  in  nultiple 
storm  situations.  Upon  completion  of  these  tests, 
the  bogusing  method  which  produces  the  smallest 
forecast  errors  will  be  incorporated  into  the  ATCM 
and  the  system  will  be  ready  for  operational 
evaluation. 


Tropical  Cyclone  Prediction  Research 
(Elsberry ,  R.L.  and  J.E.  Peak.  NAVPOSTCRADSCH) 

In  view  of  high  personnel  turnover  of  the 
JTVC  forecasters,  more  objective  approaches  to  the 
tropical  cyclone  forecasting  processes  are  being 
developed.  The  performance  of  different  tropical 
cyclone  forecast  aids  (NTCM,  OTCM.  REXR,  TOIL,  CY50) 
for  various  cyclone  characteristics  and  different 
environmental  conditions  ha3  been  evaluated.  Hie 
factors  affecting  the  accuracy  of  objective  forecast 
aids  are  being  incorporated  into  a  decision  tree  to 
assist  the  forecaster  in  following  a  logical  and 
reasonable  path  In  selecting  the  appropriate  aid  in  a 
given  situation.  A  post-processing  scheme  for 
adjusting  the  OTCM  predictions,  which  achieved  a  30% 
reduction  in  72-hour  forecast  error  on  the  dependent 
sample  is  proposed  for  operational  testing.  An 
objective  method  for  determining  the  warning  position 
from  a  variety  of  fixes  has  been  given  to  NEPRF  for 
testing. 

would  be  unwarranted  at  lower  risk  levels.  A  rule 
for  deciding  such  actions  can  be  derived  on  an 
expected  outcome  basis  (e.g.  cost/benefits  ratio). 
Hie  CHARM  model  is  now  being  adapted  for  seven  North 
Pacific  sites:  Pearl  Harbor,  Guam,  Subic  Bay,  Buckner 
Bay,  Yokosuka,  Sasebo,  and  Pusan. 


Evaluation  Of  JTVC  Objective  Aids 

(Tsui,  T.L.,  and  R..J.  Miller,  NAVENVPREDRSCHFAC) 

The  objective  aid  forecasts  used  at  the  Joint 


Typhoon  Warning  Center  (JTVC)  during  the  1978-85 
period  are  evaluated.  Forecast  accuracy  is  Judged  on 
error  measures  of  forecast  error,  cross-track  error, 
and  along-track  error.  The  evaluation  includes  the 
consistency,  as  well  as  the  accuracy,  of  the 
objective  aid  forecasts.  In  addition,  the  data  are 
stratified  according  to  season,  maximum  storm 
intensity,  and  storm  path  type  for  a  more  detailed 
error  analysis.  During  the  first  eight -year  period 
(1978-85),  HPAC,  the  climatology /persistence  model, 
and  OTCM,  a  dynamical  model,  emerged  as  the  best  and 
most  consistent  aid3. 

Results  also  show  that  the  forecasters  at 
JTVC  can  assimilate  the  wealth  of  objective  aids  and 
provide  reliable  forecast  guidance.  When  storms  move 
erratically  or  fall  to  attain  typhoon  strength,  JTVC 
forecasts  are  superior  than  the  objective  aids. 


Automated  Tropical  Cyclone  Forecasting  System 
(Miller,  R.J.,  and  T.L.  Tsui,  NAVENVPREDRSCHFAC) 

The  Automated  Tropical  Cyclone  Forecasting 
(ATCF)  system  is  an  IBM  PC  ccnpatible  software 
package  currently  being  developed  for  the  Joint 
Typhoon  Warning  Center  (JTVC).  ATCF  i3  designed  to 
allow  JTVC  forecasters  to  display  graphically 
tropical  cyclone  forecast  Information,  merge  and 
analyze  synoptic  wind  fields,  provide  objective  fix 
guidance,  select  optimal  objective  forecast  aid,  and 
expedite  the  issuance  of  tropical  cyclone  warnings. 
One  great  advantage  of  using  ATCF  is  the 
standardization  of  the  tropical  cyclone  forecasting 
procedures,  so  that  during  the  course  of  the  tropical 
cyclone  warning  preparation,  forecasters  will  not 
neglect  consideration  of  any 

decisional  steps  cr  available  options.  ATCF 
automatically  saves  all  tropical  cyclone  data, 
computes  the  real-time  and  post-3torm  statistics,  and 
allows  forecasters  to  randomly  access  any  past  storm 
data.  A  ccnmunication  package  included  in  ATCF 
simplifies  the  data  transfer  procedure  between  JTVC 
and  Fleet  Numerical  Oceanography  Center  in  Monterey, 
California. 

When  the  ATCF  is  fully  developed.  It  can  be 
used  as  a  training  aid  to  simulate  the  actual 
H'opical  Cyclone  Inner  Regional  Circulation 
Classification 

(Gray,  W.M,  Colorado  State  University) 

The  goals  of  the  project  are  1)  to  analyze 
the  details  of  inner  270  nm  (500  km)  radial  and 
vertical  structure  of  tropical  cyclones  of  the 
western  North  Pacific,  and  2)  to  determine  the 
various  classes  of  Inner  region  circulations.  Hie 
results  are  expected  to  assist  in  determining  the 
proper  inner  core  circulation  bogusing  method  in  the 
initialization  procedure  of  the  new  Advanced  Tropical 
Cyclone  Model. 

Aircraft  reconnaissance  data  will  be  used  for 
knowledge  of  the  inner  150  nm  (278  km)  radius  cyclone 
circulation  at  lower  tropospheric  levels.  Rawinsonde 
and  Japanese  Geostatiorary  Meteorological  Satellite 
(GMS)  satellite  data  will  be  used  for  information  on 
the  circulation  characteristics  (with  sore 
overlapping)  between  150-270  nm  (278-500  torn  radii 
and  for  estimates  of  the  vertical  resolution  of  the 


cyclone  circulation  at  all  radii.  It  is  anticipated 
that  there  are  four  or  five  distinctive  inner  cyclone 
circulation  patterns  which  need  to  be  documented  for 
analytic  incorporation  into  the  numerical  model. 


Navy  Tactical  Applications  Guide  ( NTAG ) .  Vol.  6 
iFett ,  R.W.,  NA VFMVPREDR3CHF AC ) 

An  effort  is  now  underway  to  develop  a  series 
of  examples  demonstrating  the  use  of  high  quality 
satellite  data  for  analysis  and  forecasting  in  the 
tropics.  Both  polar  arbiter  and  geostationary 
satellite  data  are  used  to  study  the  evolution  of 
certain  weather  effects  or  of  a  particular  weather 
phenomenon  at  a  given  time. 

These  examples  are  intended  for  publishing  in 
the  WT AG  volime  6,  Part  I,  Tropical  Weather  Analysis 
and  Forecast  Applications,  and  Volume  o’]  £art  II, 
Tropical  Cyclone  Weather  Analysis  and  Forecast 
Applications.  WtAS  Volume  6,  Part  I  is  presently  in 
tne  publishing  process.  Distribution  is  anticipated 
in  early  1987.  Part  II  is  still  in  the  research 
process.  Publication  is  anticipated  in  1988/89. 


Tropical  Gyclone  Corxlition  Setting  Aid 

iJarrell,  J.D.,  Sci.  Appl.  International  Corporation) 

The  tropical  cyclone  wind  probabilities 
formed  the  basis  for  the  development  of  a  model  to 
aid  in  tnreut  analysis  and  decision  making.  The 
Cyclone  Hurricane  Acceptable  Risk  Model  (CHARM) 
developed  by  Jarrell  assumes  that  at  some  high  risk 
or  high  probability  level,  decision  makers  would 
order  tropical  cyclone  condition  evasion  actions  that 
tropical  cyclone  warning  procedure.  New  forecasters 
can  gatner  valuable  hands-on  experience  of  the 
warning  procedure  during  tneir  training  period. 


North  Pacific  Tropical  Cyclone  Climatology 
(Miller,  R.J.  and  T.L.  Tsui,  NAVENVPREDRSCHFAC ) 

A  tropical  cyclone  climatology  for  the  North 
Pacific  has  been  developed  and  no w  is  being  reviewed 
by  EGPACGM.  Data  used  for  the  western  basin  were 
taken  from  the  JTVC  tropical  cyclone  data  base  arid 
covered  a  period  of  90  years,  1995-89.  Eastern  Dasin 
data  spanned  the  3*4  years  period  1999-82  and  were 
obtained  fran  the  consolidated  world-wide  tropical 
cyclone  data  base  at  National  Climatic  Data  Center, 
Asheville,  N.C. 

Storms  for  both  basins  were  sorted  according 
to  month/day  of  the  year  into  twenty  four  31-day 
overlapping  periods.  For  each  period,  four  charts 
are  supplied:  1)  actual  storm  paths;  2)  mean  storm 
paths  3)  average  storm  speed;  and  9)  storm  constancy 
and  frequency. 


Evaluation  Of  CSUM  Objective  Aid 

(Tsui.  T.L.  and  R.J.  Miller,  NAVENVPREDRSCHFAC ) 

CSUM  is  a  statistical  tropical  cyclone 
prediction  model  developed  by  Matsumoto  and  Gray 
(Colorado  State  University),  and  was  implemented  into 
the  JTV/C  combined  ARQ  procedure  in  September  1985. 
Preliminary  results  of  all  35  storms  since 

implementation  indicate  that  CSUM  gives  good 
objective  guidance.  The  mean  72-hour  forecast  error 
for  CSUM  was  303  nm  (56l  km)  compared  to  315  nm  (583 
km)  and  330  nm  (6X1  km)  for  COSMOS  and  OTCM 
respectively  for  the  same  period.  In  a  head-to-head 
comparison,  CSUM  had  a  lower  mean  error  than  all 
other  objective  aids.  The  median  72-hour  cross-track 
and  along-track  errors  indicate  that  CSUM  possesses 
no  track  bias  but  is  one  of  the  slower  techniques  in 
terms  of  predicted  storm  speed. 
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1  .  GENERAL 


Oie  to  the  rapid  growth  of  personal  computers  in 
the  meteorological  comnunity,  and  saved  publishing 
costs,  raw  tropical  cyclone  track  (best  track, 
initial  warning,  24-hour  forecast,  48-hour  forecast, 
and  72-hour  forecast)  and  fix  (satellite,  aircraft, 
radar  and  synoptic)  data  will  be  available 
separately,  upon  request,  to  be  copied  on  8.28  inch 
"floppy"  diskettes.  These  data  sets  include:  one  (1 
January  -  31  December  1986)  for  the  western  North 
Pacific  and  North  Indian  Oceans,  and  the  other  (1 
July  1985  -  30  June  1986)  for  the  South  Pacific  and 
South  Indian  Oceans.  The  first  data  set  requires 
four  and  the  second  requires  two  5.25  inch  "floppy" 
diskettes.  Agencies  or  individuals  desiring  these 
data  sets  should  forward  the  appropriate  number  of 
diskettes  (four,  two  or  3ix  for  both  data  sets)  to 
NAVOCEANCOMCEN/JTVC,  Guam  with  their  request  for  one 
of  twu  computer  systems  -  Z-DOS  (Zenith  computer 
compatible)  or  MS-DOS  (Zenith  or  IBM  computer 
compatible).  Oice  your  request  has  been  received  the 
requested  data  will  be  promptly  copied  onto  your 
diskettes  and  returned  with  an  explanation  of  the 
recorded  data  formats.  The  use  of  "floppy"  diskettes 
should  facilitate  the  transfer  of  these  bulky  raw 
data  files  to  your  computer. 

2.  WESTERN  NORTH  PACIFIC 
VERIFICATION  STATISTICS 

This  section  includes  only  verification 
statistics  for  each  warning  in  the  western  North 
Pacific.  Pre-  and  post-warning  best  track  positions 
are  not  printed,  but  are  available  in  the  raw  data 
set  that  can  be  requested  (see  paragraph  1.  above). 
(Similar  verification  statistics  for  the  North  and 
South  Indian  Ocean  and  western  South  Pacific  are  not 
included  in  this  publication,  but  can  be  generated 
from  the  raw  track  and  fix  data  files  mentioned  in 
the  section  1.  above.) 
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60 

0 

0 

5 

86120906 

45 

16  IN 

132  3E 

12 

102 

252 

55 

5 

5 

5 

86120912 

46 

16.2N 

132.  IE 

6 

54 

199 

55 

0 

0 

10 

86120918 

47 

16.3N 

132. 0E 

13 

109 

233 

50 

5 

5 

10 

86121000 

48 

16.3N 

131  9E 

6 

83 

219 

50 

0 

10 

10 

86121006 

49 

16  5N 

131  BE 

17 

118 

285 

45 

5 

10 

10 

86121012 

50 

16.7N 

131  6E 

8 

135 

295 

40 

5 

10 

5 

86121018 

51 

17. 3N 

131.3E 

30 

121 

288 

35 

5 

5 

5 

86121100 

52 

17  8N 

131. IE 

12 

AVERAGE 

1  5 

116 

280 

488 

#  OF  CASES 

52 

51 

51 

31 

Tropical  Storm  Lax  (24W) 


DIG 

W# 

BT  Lai 

BT  Lon 

POS  Er 

24  Er 

48  Er 

72  Er 

BT  Wn 

WW  ER  24  WE 

48  WE 

72  WE 

86120318 

1 

8  IN 

163  0E 

25 

106 

t50 

199 

30 

0 

-5 

40 

65 

86120400 

2 

8  IN 

162  .IE 

48 

133 

119 

251 

35 

0 

20 

45 

60 

86120406 

3 

83N 

161  3E 

18 

90 

133 

509 

40 

0 

30 

45 

60 

86120412 

4 

8  7N 

160  5E 

35 

108 

124 

451 

40 

b 

35 

55 

70 

86120418 

5 

9  4N 

159  6E 

32 

30 

166 

496 

35 

10 

30 

50 

65 

86120500 

6 

9  8N 

158.7E 

13 

40 

199 

465 

35 

10 

30 

45 

65 

86120506 

7 

10  2N 

157.5E 

8 

42 

432 

543 

30 

10 

20 

30 

40 

86120512 

8 

10  6N 

156.4E 

95 

30 

-5 

average: 

34 

78 

189 

416 

#  OF  CASES 

8 

7 

7 

7 

Typhoon  Marge 

(25W) 

DTG 

w# 

BT  Lai 

BT  Lon 

Pos  Er 

24  Er 

48  Er 

72  Er 

BT  Wn 

WW  ER 

24  WE 

48  WE 

72  WE 

86121406 

1 

7  3N 

160  0E 

48 

1  56 

215 

119 

30 

0 

15 

15 

20 

86121412 

2 

7  ON 

158  6E 

0 

125 

163 

1  36 

30 

0 

10 

5 

40 

86121418 

3 

7  2N 

157  3E 

36 

112 

152 

101 

30 

0 

-  5 

•15 

5 

86121500 

4 

7.3N 

155  9E 

185 

346 

427 

337 

30 

0 

0 

- 1  5 

0 

86121506 

5 

7  7N 

154  6E 

223 

404 

449 

379 

35 

0 

•  1  5 

-20 

0 

86121512 

6 

8  2N 

153  3E 

42 

90 

112 

102 

40 

0 

25 

-20 

0 

86121518 

7 

8  5N 

152  OE 

64 

110 

161 

131 

45 

0 

-  1  5 

-5 

5 

86121600 

8 

8  9N 

150  7E 

13 

24 

165 

207 

50 

0 

- 1  0 

5 

10 

86121606 

9 

9  3N 

149  5E 

42 

173 

303 

303 

55 

0 

5 

15 

10 

861216'2 

10 

9  7N 

148  4E 

21 

140 

24  3 

249 

65 

0 

5 

15 

10 

86121618 

1  1 

10.2  N 

147  2E 

24 

1  55 

214 

1  59 

70 

0 

5 

15 

0 

86121700 

12 

10  4  N 

146  2E 

12 

89 

104 

64 

75 

0 

5 

15 

0 

86121706 

1  3 

10  5  N 

145  3E 

12 

67 

95 

90 

70 

0 

10 

1  5 

5 

86121712 

T  4 

10  6N 

144  7E 

24 

60 

53 

192 

70 

0 

10 

10 

10 

86121718 

15 

10  8N 

144  OE 

19 

96 

122 

297 

70 

0 

10 

0 

0 

86121800 

16 

10  6N 

143.2E 

0 

59 

162 

453 

70 

0 

5 

5 

0 

86121806 

1  7 

10  5N 

142.0E 

17 

50 

210 

462 

70 

0 

5 

-  1  0 

10 

86121812 

18 

10  5N 

140  9E 

12 

49 

233 

449 

70 

0 

0 

5 

15 

86121818 

19 

10  5N 

140  OE 

17 

72 

304 

453 

70 

0 

■  1  0 

5 

25 

86121900 

20 

10  8N 

139  2E 

8 

55 

337 

427 

70 

0 

■  1  0 

5 

35 

86121906 

21 

11  IN 

1 38  OE 

6 

104 

352 

431 

75 

5 

1  5 

5 

45 

86121912 

22 

11  6N 

136.8E 

13 

193 

396 

485 

80 

5 

1  0 

10 

45 

86121918 

23 

12  ON 

135  4E 

36 

282 

443 

486 

90 

1  5 

5 

25 

50 

184 


86122000 

24 

1 1  5N 

134  3E 

86122006 

25 

10  9N 

133  IE 

86122012 

26 

10  IN 

132  7E 

86122018 

27 

9  8N 

130  IE 

86122100 

28 

9  2N 

128  5E 

86122106 

29 

9  3N 

126  9E 

861221 12 

30 

9  7N 

125  4E 

861221 18 

31 

10  ON 

123  8E 

86122200 

32 

10  IN 

122  0E 

86122206 

33 

10  3N 

121  IE 

86122212 

34 

10  7N 

120  3E 

86122218 

35 

11  IN 

119  5E 

86122300 

36 

11  6N 

1189E 

86122306 

37 

12  IN 

118  2E 

86122312 

38 

12  3N 

117  4E 

AVERAGE 
#  OF  CASES 

Typhoon  Norris  (26W) 


OTG 

W# 

BT  Lat 

8T  Lon 

861221 18 

1 

8  6N 

166  9E 

86122200 

2 

8  9N 

166  2E 

86122206 

3 

9  2N 

165  5E 

86122212 

4 

9  7N 

164  SE 

86122218 

5 

10  IN 

163  5E 

86122300 

6 

10  6N 

162  5E 

86122306 

7 

110N 

161  5E 

86122312 

8 

11  4N 

160  2E 

86122318 

9 

11. 5N 

159  3E 

86122400 

10 

11  5N 

158  3E 

86122406 

1  1 

11. 6N 

156  8E 

86122412 

12 

11. 5N 

155  IE 

86122418 

1  3 

11  3N 

153  9E 

86122500 

14 

10  8N 

152  8E 

86122506 

15 

10. 3N 

1 51  6E 

86122512 

16 

10. IN 

150  2E 

86122518 

1  7 

10.2N 

149  2E 

86122600 

18 

10.5N 

148  4E 

86122606 

19 

10. 9N 

147. 3E 

86122612 

20 

11  4N 

146  2E 

86122618 

21 

11  7N 

144.8E 

86122700 

27 

11  7N 

143  5E 

86122706 

23 

11  8N 

142  2E 

86122712 

24 

12. 2N 

140  8E 

86122718 

25 

12  5N 

139  6E 

86122800 

26 

13  IN 

138  9E 

86122806 

27 

13  6N 

138  3E 

86122812 

28 

13.9N 

137.8E 

86122818 

29 

13  8N 

137. 5E 

86122900 

30 

13  7N 

137  3E 

86122906 

31 

13  2N 

136  9E 

86122912 

32 

12. 7N 

136  4E 

86122918 

33 

1 1  9N 

135  6E 

86123000 

34 

11  2N 

134  5E 

86123006 

35 

10  5N 

133  2E 

86123012 

36 

10  ON 

131  86 

86123018 

37 

10  ON 

130  IE 

86123100 

38 

10  ON 

128  3E 

86123106 

39 

10  ON 

126  7E 

861231 12 

40 

10  2N 

125  IE 

861231 18 

41 

10  4N 

123  3E 

AVERAGE 
#  OF  CASES 


40 

284 

399 

326 

22 

263 

377 

274 

22 

199 

344 

370 

6 

98 

184 

6 

62 

49 

6 

61 

1  1  4 

1  9 

24 

123 

1  3 

40 

6 

1  1  4 

0 

121 

6 

25 

40 

31 

6 


29 

1  30 

233 

288 

38 

33 

30 

26 

Pos  E r 

24  Ef 

48  Er 

72  Ef 

84 

202 

307 

345 

35 

102 

178 

74 

22 

78 

1  15 

55 

31 

107 

181 

231 

24 

82 

1  38 

168 

18 

30 

124 

169 

19 

109 

242 

244 

47 

1  74 

314 

282 

0 

86 

189 

188 

12 

90 

128 

188 

26 

1  1  4 

151 

244 

13 

107 

91 

217 

19 

88 

88 

203 

19 

25 

118 

213 

53 

65 

153 

218 

13 

145 

158 

183 

36 

168 

182 

1  56 

12 

76 

148 

106 

6 

76 

141 

1  1  7 

8 

54 

89 

265 

6 

13 

1  40 

343 

6 

53 

135 

358 

6 

88 

220 

384 

8 

123 

300 

470 

6 

135 

339 

447 

0 

159 

401 

470 

19 

182 

457 

748 

6 

164 

498 

836 

12 

217 

578 

1002 

0 

161 

397 

679 

1  3 

20  7 

449 

741 

19 

210 

449 

35 

227 

469 

0 

1  55 

387 

25 

176 

431 

13 

79 

6 

127 

0 

102 

6 

65 

0 

0 

1  7 

1  18 

254 

334 

4  1 

39 

35 

31 

90 

1  5 

5 

35 

55 

95 

1  0 

1  5 

55 

60 

90 

0 

20 

50 

50 

90 

0 

25 

35 

90 

0 

20 

25 

80 

1  0 

30 

25 

75 

5 

25 

25 

60 

10 

2C 

50 

0 

5 

40 

5 

0 

40 

0 

40 

0 

35 

0 

35 

0 

30 

BT  Wn  WW  ER  24  WE  48  WE  72  WE 


30 

G 

1  0 

10 

20 

30 

0 

1  0 

1  0 

25 

30 

0 

1  0 

10 

20 

30 

0 

0 

5 

1  0 

30 

0 

0 

10 

15 

30 

5 

5 

5 

15 

30 

5 

5 

10 

25 

35 

0 

5 

10 

10 

40 

5 

1  0 

15 

15 

40 

0 

1  0 

10 

10 

40 

0 

0 

0 

1  0 

40 

0 

0 

5 

1  0 

40 

0 

5 

0 

1  0 

40 

0 

5 

1  0 

1  5 

45 

0 

0 

1  5 

20 

45 

0 

5 

1  5 

25 

45 

0 

5 

1  0 

30 

50 

0 

0 

5 

20 

50 

0 

5 

1  0 

20 

55 

0 

0 

■  1  0 

i  0 

55 

0 

0 

1  5 

5 

60 

0 

0 

•  1  5 

65 

0 

5 

l  0 

5 

65 

0 

0 

0 

10 

65 

5 

5 

5 

20 

70 

0 

•  1  5 

0 

20 

75 

0 

20 

■  1  0 

10 

80 

0 

5 

1  5 

35 

85 

0 

5 

15 

30 

90 

0 

5 

25 

40 

90 

0 

i  0 

30 

45 

85 

0 

1  5 

40 

80 

0 

20 

35 

80 

0 

1  0 

25 

75 

0 

1  0 

25 

70 

0 

20 

60 

0 

5 

55 

0 

5 

50 

0 

1  0 

40  0 

35  0 
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APPENDIX  I 
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DEFINITIONS 


BEST  TRACK  -  A  subjectively  smoothed  path, 
versus  a  precise  and  very  erratic  fix-to-flx  path, 
used  to  represent  tropical  cyclone  movement. 


CPffER  -  The  vertical  axis  or  cone  of  a  tropical 
cyclone!  Usually  determined  by  wind,  tenperature, 
and/or  pressure  distribution. 


CYCLONE  -  A  closed  atmospheric  circulation 
rotating  about  an  area  of  low  pressure 
(counter-clockwise  In  the  northern  hemisphere). 


EPHEMERIS  -  Position  of  a  body  (satellite)  In 
space  as  a  function  of  time;  used  fcr  grlddlng 
satellite  Imagery.  Since  ephemeris  grlddlng  is  based 
solely  on  the  predicted  position  of  the  satellite.  It 
Is  susceptible  to  errors  from  vehicle  pitch,  orbital 
eccentricity,  and  the  oblateness  of  the  earth. 


EXPLOSIVE  DEEPENING  -  A  decrease  In  the  mlninum 
sea-level  pressure  of  a  tropical  cyclone  of  2.5  mb/hr 
for  12  hours  or  5.0  mb/hr  for  six  hours  (ATR  1971). 


EXTRATROPICAL  -  A  term  used  in  warnings  and 
tropica!  surma r lea  to  Indicate  that  a  cyclone  has 
lost  Its  "tropical"  characteristics.  The  term 
Implies  both  poleward  displacement  from  the  tropics 
and  the  conversion  of  the  cyclone's  primary  energy 
sources  from  release  of  latent  heat  of  condensation 
to  barocllnlc  processes.  The  term  carries  no 
Implications  as  to  strength  or  size. 


EYE  -  A  term  used  to  describe  the  oentral  area 
of  a  tropical  cyclone  when  it  Is  more  than  half  the 
surrounded  by  wall  cloud. 


FUJIWHARA  EFFECT  -  An  Interaction  In  which 
tropical  cyclones  within  about  700  nm  (1296  km)  of 
each  other  begin  to  rotate  about  one  another.  When 
Intense  tropical  cyclones  are  within  about  400  rm 
(7*tl  >an)  of  each  other,  they  may  also  begin  to  move 
closer  to  each  other. 


MAXIMUM  SUSTAINED  WIK)  -  Highest  surface  wind 
speed  averaged  over  a  one-minute  period  of  time. 
Peak  gpsts  over  water  average  20  to  25  percent  higher 
than  sustained  winds. 


RAPID  DEEPENING  -  A  decrease  In  the  minimum 
sea- level  pressure  of  a  tropical  cyclone  of  1.25 
mb/hr  for  24-hour3  (AIR  1971). 


RBCURVA'njRE  -  The  turning  of  a  tropical  cyclone 
from  an  Initial  path  toward  the  west  cr  northwest  to 
a  path  toward  the  northeast. 
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S1GNTFICAKT  TROPICAL  CYCLONE  -  A  tropical 
cyclone  becomes  "significant"  with  the  Issuance  of 
the  first  nimbered  warning  by  the  responsible  warning 
agency. 


SUPER  TYPHOON/HURRICANE  -  A  tvphocn/hurrlcane  in 
which  the  maximum  sustained  surface  wind  (one-minute 
mean)  Is  130  kt  (67  m/s)  or  greater. 


TROPICAL  CYCLONE  -  A  non- frontal  low-pressure 
system  oT  usually  synoptic  scale  developing  over 
tropical  or  subtropical  waters  and  having  a  definite 
organized  circulation. 


TROPICAL  CYCLONE  AIRCRAFT  RECONNAISSANCE 
COCRDINATCR  -  A  USCINCPACAF  representative  designated 
to  levy  tropical  cyclone  aircraft  weather 
reconnaissance  unlt3  within  a  designated  area  of  the 
PACCM  and  to  function  as  coordinator  between 
USCINCPACAF  and  the  appropriate  typhocn/hurrlcane 
warning  center. 


TROPICAL  DEPRESSION  -  A  tropical  cyclone  in 
which  the  maxima]  sustained  surface  wind  (one-minute 
mean)  Is  33  kt  (17  m/s)  or  less. 


TROPICAL  DISTURBANCE  -  A  discrete  system  of 
apparently  organized  convection  -  generally  100  to 
300  rm  (185  to  556  km)  in  diameter  -  originating  In 
the  tropics  cr  subtropics,  having  a  non-frontal 
migratory  character,  and  having  maintained  its 
identity  for  12-  to  2 *4 -hours.  It  nay  or  may  not  be 
associated  with  a  detectable  perturbation  of  the  wind 
field.  As  such,  it  is  the  basic  generic  designation 
tWilCh,  in  successive  stages  of  intensification,  may 
be  classified  as  a  tropical  depression,  tropical 
storm  or  typhoon  (hurricane). 


TROPICAL  STORM  -  A  tropical  cyclone  with  maximum 
sustained  surface  winds  (one-minute  mean)  in  the 
range  of  34  to  63  kt  (17  to  32  m/s)  inclusive. 


TROPICAL  UPPER-TROPISPHERIC  TROUGH  CIUIT)  -  A 
dominant  climatological  system  (ipper-level  trough) 
and  a  daily  synoptic  feature,  of  the  simmer  season 
over  the  tropical  North  Atlantic,  North  Pacific  and 
South  Pacific  Oceans. 


TYPHOON/HURRICANE  -  A  tropical  cyclone  in  which 
the  maximum  sustained  surface  wind  wind  (one-minute 
mean)  Is  64  kt  (33  m/s)  or  greater.  West  of  180 
degrees  they  are  called  hurricanes.  Foreign 
governments  use  these  or  other  terms  for  tropical 
cyclones  and  may  apply  different  intensity  criteria. 


WALL  CLOUD  -  An  organized  band  of  cumuliform 
clouds  immediately  surrounding  the  central  area  of  a 
tropical  cyclone.  The  veil  cloud  may  entirely 
enclose  or  partially  surround  the  center. 
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APPENDIX  II 

NAMES  FOR  TROPICAL  CYCLONES 


Column  1 

Column  2 

Column  3 

Column 

ANDY 

ABBY 

ALEX 

AGNES 

BRENDA 

BEN 

BETTY 

BILL 

CECIL 

CARMEN 

CARY 

CLARA 

DOT 

DOM 

DINAH 

DOYLE 

ELLIS 

ELLEN 

ED 

ELSIE 

FAYE 

FORREST 

FREDA 

FABIAN 

GORDON 

GEORGIA 

GERALD 

GAY 

HOPE 

HERBERT 

HOLLY 

HAL 

IRVING 

IDA 

IAN 

IRMA 

JUDY 

JOE 

JUNE 

JEFF 

KEN 

KIM 

KELLY 

KIT 

LOLA 

LEX 

LYNN 

LEE 

MAC 

MARGE 

MAURY 

MAMIE 

NANCY 

NORRIS 

NINA 

NELSON 

OWEN 

ORCHID 

OGDEN 

ODESSA 

PEGGY 

PERCY 

PHYLLIS 

PAT 

ROGER 

RUTH 

ROY 

RUBY 

SARAH 

SPERRY 

SUSAN 

SKIP 

TIP 

THELMA 

THAD 

TESS 

VERA 

VERNON 

VANESSA 

VAL 

WAYNE 

WYNNE 

WARREN 

WINONA 

NOTE  : 

Names  are  assigned  in  rotation,  alphabetically.  When  the  last 
name  (WINONA)  has  been  used,  the  sequence  will  begin  again  with  "AN 


Source : 


C INCPAC INST  3140.1  (series) 
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